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f SYNOPSIS 


When any vehicle changes its forward direction of motion a sideways force known 
as “‘centrifugal force,” comes into play ; its magnitude is affected by the forward 
speed of the vehicle and the radius of the curve. In railway curve design it is 
essential that both these items should be considered, together with (1) cant of the 
track; (2) rate of gain of the cant; (3) cant gradient ; (4) cant deficiency ; and 
_ (5) rate of gain of cant deficiency. 
Until the present time, there has been no uniformity in the practices of civil 
engineers with regard to the limiting values used for most of the above features. 
The limits may be defined by safety considerations or by the desire to keep the sensa- 
tions which they give to passengers within reasonable standards of travel comfort. 
In 1949, the Track Committee of the Railway Executive of British Railways was 
given the remit of defining the limiting values which should be‘used for each of the 
five items mentioned. Whilst the first of them was readily agreed upon, the others _ 
‘were not so easily settled and it soon became apparent that some tests should be made. — 
__ The first part of this Paper describes all the tests which were eventually conducted, 
and gives the results obtained ; it also gives the limiting values which were finally 
_ recommended by the Track Committee for the other four items mentioned above. 
In the second part of the Paper, rules are developed for the equilibrium speed and 
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the maximum permissible speed on curves in relation to the radius of curve, cant, and 
length of transition. They incorporate the limiting values decided on as a result of 
the tests. ; ; 
The rules are applied not only to simple curves but also to compound and reverse — 
curves, and to the more complicated case of curves through junctions and crossovers. 
Graphs are presented which greatly facilitate the application of the rules, and 
numerous examples of their use are given. 
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Part I.—Experiments to Determine Data for the Design of Curves 


by 
J. C. Loach, M.Sc.(Eng.), A.M.1.C.E. 


te a I I a a 


INTRODUCTION 


For many years the design of curves and particularly that of the entrances 
and ends of curves was not well defined, most railway engineers having held 
different views on the subject. In the early days of railways it was recog- 
nized that cant was desirable on curves but the factors on which it depended 
were not generally understood; much more recently, opinions on the 
amount of cant which there should be on a curve have differed, and cases 
have occurred of the cant on a curve being materially altered to comply 
with the ideas of one engineer and then being put back again by his 
successor. 

Even more diverse were the views held on transitions when they were 
used at all. As long ago as 1868 1, a curve of cubic form was advocated. 
At the turn of the century, Mr James Glover? found that the perfect 
transition, a curve in which the radius at any point was inversely propor- 
tional to the distance of that point from the origin, was a spiral defined 
by the equation A = m/¢. However, Glover also mentioned that when 
¢ was not more than 10 degrees, there was no appreciable difference between 
the spiral and the cubic parabola. A decade later, Mr W. H. Shortt used 
the spiral in his methods of improving the alignment of curves; but in 
the course of time it was realized that most transitions could be designed 
without @ exceeding 10 degrees, in which case they approximate to cubic 
parabolas. During the following 30 years designed transitions became 
general on the main lines in Britain, partly because the benefit of them was 
becoming more appreciated and partly through the adoption of methods 
quicker and simpler than those involving the use of a theodolite for 
setting them out. . 

In the 1930’s, the introduction of some high-speed trains in Britain 
involved a wider range of speeds. Mr Taylor Thompson 4 explained that 
curves had been adjusted to suit best the faster trains, but that the fastest 
trains were running at speeds involving “ cant deficiency ” for which he 
suggested a limiting permissible value dictated by the comfort of the 
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passenger. He also suggested that it seemed most rational for the length 
_ of the transition to be a function of the speed. However, the limiting 
values for various items involved in curve design have remained matters 
of opinion, and the Author submits that the tests described in Part I of 
the Paper have helped considerably to clarify the matter and have enabled 
suitable values to be established. 


THe InrTIaATION oF A UNIFIED SystEM 


Very soon after the nationalization of British Railways the desirability 
of having one system only for curve design was realized, and the necessity 
immediately arose for establishing limits of various features. Mr J. C. L. 
Train, Member of the Railway Executive for Civil Engineering and 

_ Chairman of the Civil Engineers’ Committee, asked the Chairman of the 
Track Committee for that Committee to recommend a code of practice. 

Firstly, the practices of the four former main-line companies were 
summarized ; at the same time, information was sought on the rules and 
limits to which railway engineers worked in other parts of the world. 
Simultaneously, all Regional Civil Engineers were consulted for their 
views on some suggested limits which were, more or less, the limits that 
had been in use for a few years on the former London and North Eastern _ 
Railway. The information was reviewed by the Track Committee who 

- felt that it was desirable to establish : 

the maximum permissible cant ; 

the maximum rate (with respect to time) of gain and loss of cant ; 

the maximum permissible cant deficiency ; 

the maximum rate of gain and loss of cant deficiency ; and 

the steepest permissible cant gradient, 


; which should be used in design. 


First Discussions 
The two main factors in the problem were: (1) safety and (2) comfort. 


— Maximum Permissible Cant 
When discussing cant, one or two cases were mentioned of four-wheeled 
~ wagons which had been standing on curves with 6 inches of cant* and of the 
- outside leading-wheel flanges climbing the rail when they started to move. 
_ A case was also cited of a van in a similar position which had been over- 
turned by a gale blowing sideways on to it. Both cases were regarded as 
exceptional, but they indicated that it would be unwise to cant a track 
more than 6 inches. It was agreed that satisfactory maintenance of track 
- becomes more difficult as the cant increases above 4 or 43 inches, and since 
6 inches was already regarded as the maximum permissible amount on 
_ most railways there was little difficulty in agreeing on that figure. 
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Amount of Cant to be Provided m4 

It was also agreed that, wherever possible, the cant should give equili- 
brium conditions at the speed selected as the basis for calculation. The 
determination of the speed for any particular case is discussed in detail in 
Part II. 


Other Features 

Other points to be settled proved to be far more difficult : practices 
on the four main-line companies varied considerably, as did also the 
views of the Regional Civil Engineers with regard to the limits suggested ; 
the information from railways abroad showed no uniformity ; in discussion 
it soon became evident that most members of the Track Committee had 
different views on the degrees of discomfort brought about by various 
cant deficiencies and various rates of gain of cant and of cant deficiencies ; 
nor could anyone define the upper limits which it would be reasonable to 
expect a passenger to tolerate. It was realized, however, that unbalanced 
centrifugal force would be uncomfortable to the passenger at values — 
considerably lower than those at which the train would be in danger of 
overturning, and thus the criteria should be based on sensations experienced 
by the passenger. With the object of establishing those criteria it was 
' decided to conduct some tests. 


PRELIMINARY TESTS 


A kind offer from the engineers of the London Transport Executive — 
to make some starting and stopping tests on an electric train and on a 
trolley-bus, was accepted. The tests were made on the 8th April, 1949 ; 
members of the Track Committee sat on seats arranged longitudinally 
in the vehicles and, in each case, the driver endeavoured to accelerate or 
decelerate at a constant rate. These tests, regarded as a preliminary 
to some later tests, proved to be most helpful; the results obtained in a 
two-car electric train were as given in Table I. 


TABLE 1.—RESULTS OF PRELIMINARY TESTS WITH ELECTRIC TRAIN 


Miles per hour per second , Sensations 
10 . Just noticeable 
1-3-1-5 Noticeable - 
2-0 Pronounced but not objectionable 
2:3-2°5 Quite pronounced but not at all uncomfortable 
2:8 Strong and slightly uncomfortable 
3-4 Rather uncomfortable 


One or two tests were also made while members of ihe Committee | 
were standing ; the sensations experienced showed that 2-4 miles per hour 
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per second was about the limit which could be attained without giving 
_ discomfort and that 2-7 miles per hour per second was somewhat uncom- 
- fortable. 
During the tests the rate of increase of the deceleration was observed 
to have an influence on the sensations, the “ passengers ” being able to 
withstand more easily a deceleration when there had been a more gradual 
increase of its rate. 
Tests on the trolley-bus were made on straight level road, but because 
of the lower initial speeds, it was not easy to maintain a constant decelera- 
tion for long. Several tests were made with decelerations ranging from 
4 to 15-5 feet per second per second. The general opinion of the Committee, 
both when members were sitting and when they were standing, was as 
shown in Table 2. 


TABLE 2.—RESULTS OF PRELIMINARY TESTS WITH TROLLEY-BUS 


Feet per second per second 4 Sensations 


4 Pronounced and barely comfortable, especially 
when there had been a rapid increase in de- 
celeration to that value 

5 Somewhat uncomfortable 

6 Uncomfortable 


Summarizing, the Committee felt that the division between comfort 
and discomfort on the train was at 2-4 miles per hour per second (equivalent 
to 3-5 feet per second per second and to 6-5 inches cant deficiency) ; on 
" the trolley-bus this division was at 4 feet per second per second (equivalent 
to 7-3 inches cant deficiency). 
2 The Track Committee discussed the results and whilst appreciating 
_ that conditions were somewhat different from those experienced in normal 
travel, they felt that the results had significance and that the subject 
was worth pursuing, particularly with the additional aim of establishing 
_ limiting values for the rates of gain and loss of cant and of cant deficiency. 
They then asked the Author to organize some trials which would involve 
_ travelling round railway curves at speeds giving up to 6 or 7 inches cant 
deficiency. 


* Principat TEsts 
Details of Curves 
_ ___ On the suggestion of Mr J. Briggs, then Civil Engineer of the London 
Midland Region, the length of track between Bettws-y-Coed and Blaenau 
_ Festiniog in North Wales was inspected and was soon realized to be very 
Ss suitable for the tests. Between mile-posts 15 and 24} there are fifty-two 
_ curves of radii varying between 9 and 80 chains, but mostly 10 to 13 chains. 
H The Festiniog branch is single line and on the proposed test portion there 
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is a general speed restriction of 30 miles per hour. Because of the rather 
severe gradients, it was much easier to conduct the tests when the train 
was running downhill around the curves, that is, from Blaenau Festiniog 
to Bettws-y-Coed. 

The curves were numbered consecutively and each was divided into 
three portions, the two transitions with the circular part between them. 
The points of division were located by boards on stakes driven into the 
ground at the line-side. 

Curves 1 to 14 were set out very carefully with line and cross-level, in 
accordance with methods normally used on the London Midland Region. . 
Taking as a basis an equilibrium speed of 30 miles per hour, a chord- 
length of 48 feet 4 inches was used so that the versine on it and the cant of 
the track would be equal; on the transitions the increments of both were — 
made proportional to the distance along the transition (that is, “ straight- 
line versine and cant gradient” diagrams plotted on a distance base), 
adjustments of versines being made at the ends. : 

Curves 15 to 52, on the other hand, although not specially set out, were — 
rather better than one would normally expect to find on a branch line; 
a few had straight-line approaches which gained some of the cant, the 
remainder being gained on the circular curves themselves, a practice in 
vogue with the former London and North Western Railway Company when 
they constructed the line in the nineteenth century, whilst others had the 
ends of the curves eased off into the straight approaches, thereby giving © 
a form of transition in alignment. 

The circular parts of all of curves 1 to 14 and of many of the others 
were very regular ; by applying the formula devised by Mr E. T. Hutt 5 to 
define the regularity of alignment of circular curves, it was found that tho Sse 
which had been carefully set out gave values averaging 93 per cent, 
whilst of curves 15 to 52 which were measured, nearly all gave values 
between 84 and 95 per cent, several giving more than 90 per cent. 


4 


Details of Train and Test Runs 2 | 
The tests were conducted on the 11th October, 1949 ; the test-train 

consisted of a 2-6-2 tank locomotive, one unit of the Mobile Locomotive 

Testing Plant ®, a vestibule coach in which sat the twelve members of the 


Track Committee and one other observer, and lastly the Saloon of the — 
District Engineer. 


Three test runs were made, speeds being : 


(1) 40 miles per hour, 
(2) 30 ,, 4, ,, (the equilibrium speed), 


(3) 45 ,, 4,4, * over curves Nos 1 to 14, and 42 miles per 
hour over curves Nos 15 to 52. % 


ay 


wane he full speed of 45 miles per hour was not attained until the train reached curve 
O. O. bf 7 
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_ On each occasion a stop was made at Dolwyddelen, where there is a passing 


loop, between curves 23 and 24. 
On each of the three runs, speed was maintained constant by the 


e Mobile Testing Unit and, as the journey progressed, the numbers and 
_ portions of the curves were announced from a loud speaker in the vestibule 
_ coach, Hach of the thirteen observers sitting in the coach recorded his 


_ sensation of comfort on the transitions and on the circular part of each 
a curve, 
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_ Code of Sensations 


To assist the observers in writing down their sensations quickly and to 
obtain uniformity in the expression of their sensations within an approved 


_ range, a code of sensation numbers was adopted as shown in Table 3. 


TABLE 3.—SENSATION NUMBERS ADOPTED 


Number Sensation 


0 Nothing noticed 
1 Just noticeable 
2 Noticeable 
3 Pronounced 
4 Very pronounced but not at all 
‘ uncomfortable . 
5 Strong and slightly uncomfort- 
able 
6 Rather uncomfortable 


Those taking part in the test were merely called upon to write the number 
corresponding to their sensation, in the appropriate position on a prepared 


sheet, as soon as they had traversed the entering transition, the circular 


curve and the run-out transition. In the same coach an Askania accelero- 
meter situated approximately over the trailing bogie was recording the 
unbalanced transverse acceleration parallel to the floor of the coach ; 
near to it a Hallade track instrument was recording in the normal way. 


Records Obtained 

Details of curves 1 to 14, together with Hallade records obtained on 
the three runs are reproduced in Figs 1, Plate 1. A short portion of each 
record from the Askania accelerometer is also reproduced, Figs 2. 

Whilst the Hallade recorder is a satisfactory instrument for giving 
an indication of track defects, it is not a good accelerometer because 
displacement of the moving mass is considerable and because friction of 
the mechanism and of the pencil on the paper have been known to cause 
errors in recording equivalent to 14 or even 2 inches of cant deficiency. 
The instrument should therefore be regarded as giving only qualitative 
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Fig. 3 
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and not quantitative results. On the other hand, the Askania accelero- 
meter has a large mass which has to move only quite a small distance ; 
the movement is mechanically enlarged by an extremely well-devised 
mechanism which is very light and has no backlash. The records obtained 
from the Askania accelerometer have a much more open scale, particularly 
horizontally, than those from the Hallade instrument: for this and the 
other reasons mentioned above, all measurements were obtained from the 
Askania accelerometer records. The difference between the acceleration 
recorded on the floor of the coach and the equivalent radial acceleration is 
very small and was neglected. 

The average unbalanced radial acceleration obtained on the circular 
part of each curve has been plotted against the average of the corresponding 
sensation values noted by the thirteen observers, thus giving Fig. 3 for 
curves 1 to 14 and Fig. 4 for curves 15 to 52. In Fig. 3 and subsequent 
graphs, the numbers by the points denote the numbers of the curves. 


Effect of Springs of Coach 

Whenever an excess or deficiency of cant is experienced on curves, 
unequal loading on the two rails occurs with consequent unequal deflexions 
of the springs on the two sides of the coach. It follows that the floor of 
the coach is inclined more or less steeply than the plane of the track under 
it; any accelerometer on the floor is activated by the centrifugal force 
that is not balanced by the component of gravity due to the inclination of 
the floor, and so includes the effect of the springs in the record it produces. 
The prime purpose of these tests was to correlate the sensations experienced 
with the features involved in curve design and construction, so it was 
necessary to take into account the effect of the unequal loading of the 
springs on the two sides of the coach. This was done by a test-run on 
the Charnwood Forest branch in Leicestershire, where curves are canted 
up to 8 inches, another relic of the practices of the former London and 
North Western Railway Company in the nineteenth century. The same 
vestibule coach as had been used in the tests in North Wales was stood, both 
ways round, on many of the curves on the Charnwood Forest line ; in each 
case the inclination of the floor of the coach and the cant of the track on 


which the coach stood, were measured. The results are shown as a-graph in 
Figs 6. . 
Results of Principal Tests 
The results of the main tests, obtained by plotting average values 

measured from the accelerometer records and corrected by amounts 
obtained from Figs 5 against the corresponding average sensation number, 
are presented in :— 

Fig. 6. Sensations of cant deficiencies, curves 1--14. 

Fig. 7. Sensations of cant deficiencies, curves 15-52. 

Figs 8 (a) and (6). Sensations of gain of cant deficiencies. 
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Figs 5 
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Sensations of loss of cant deficiencies. 


Figs 9 (a) and (5). 


Sensations of gain and loss of cant at equi- 


Figs 10 (a) and (6). 


librium speed. 
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d until the deficiency 
in North Wales confirm very satisfactorily those obtained from the 


, in this respect, the results of the tria 


6 shows that discomfort was not experience 
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It was recognized, however, that standing passengers 


would experience discomfort at deficiences of less than 7 inches and that 


passengers who were trying to walk along corridors or through lu 


would be inconvenienced at even smaller deficiencies. 


preliminary tests. 


ggage vans 
It was also recog- 
nt deficiency would 


in these cases a small increase in 


nized that the curves for which a greater permissible ca 


be most desirable were the sharper ones ; 


speed would increase appreciably the cant deficiency and the lateral thrusts, 
and result in increased maintenance and shorter life of track. At the 


the sensations of discomfort would be increased perhaps even 
the cant deficiency. Consideration also had to be made of the 


same time, 
more than 
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ability of rail fastenings to withstand indefinitely the lateral thrusts which 
would be imposed on them when the fastest trains were running regularly 
at speeds associated with appreciable cant deficiencies, and of the problem 
of maintaining good alignment. In the end, these two items influenced 
the Committee perhaps more than any other because, apart from a few 
abnormal cases where exceptional circumstances justify the frequent 
renewal of the track, reasonably long life of the track is essential for reasons 
of economy. 
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CANT DEFICIENCY: INCHES 
Sensations or Cant DEFICIENCIES ON CrrcuLAR CuRVE 15-52 


The Track Committee therefore decided that 34 inches cant deficiency, 
corresponding to sensation No. 2 (“‘ noticeable ”’), was the maximum which 
should be tolerated in the design of curves in the more important and better 
maintained lines, that is, lines falling within the Classes defined as “A” 
and “ B” (see Appendix to Part II, p.541). From Fig. 7 the corresponding 
degree of discomfort on curves not so well set out was given by 23 inches 
cant deficiency, and the Committee adopted this figure for lines classed. 
as “C” and “ D” and for all turnouts. This lower scale was considered 
to be appropriate for Classes “C” and “D” lines because lighter or 
sometimes “‘ second-hand ” material from the more important lines 1s used 
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in their construction, and because standards of maintenance are not 
normally so high as on Classes “ A” and “ B” lines. 

In turnouts, transitions cannot often be incorporated so that the 
entrance directly on to a circular curve imposes a sudden lateral thrust 
on the passenger, the vehicle, and the track; the Committee therefore 
felt that it was not desirable to exceed 2} inches cant deficiency in these 
cases. 

In deciding on these figures, the Committee made allowance for 
drivers’ errors in estimating their speeds where restrictions exist, the 


Figs 8 
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allowance having been deduced from a large number of observations made 
by the former London and North Eastern Railway Company, and in this 
connexion the Committee also decided to make the permissible cant 
deficiency a function of the cant. In the case of the more important lines 
the maximum permitted deficiency decreases by a straight-line law from 
3} inches at zero cant to 2 inches at 6 inches (maximum) cant. The corre- 
sponding figures for the less important lines and for curves in turnouts 
are 2} inches at zero cant to 1 inch at 6 inches of cant. The reduction of 
permissible deficiency in design as the cant increases was thought to be 
justified by the greater influence of track imperfections at the high speeds 
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associated with the higher cants. The relation is empirical but until more 
is known about the numerous factors involved, the formulation of any rule 
taking them into account would be a matter of guesswork ; meanwhile, 
the relation between cant and the maximum permitted deficiency is simple, 
easy to use and one which observation and experience have shown to be 
justified. 


Rate of Gain and Loss of Cant Deficiencies 
It is recognized that while running over the transitions in test-runs 
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land 3, cant was being gained and lost at the same time as cant deficiency. 
- Disregarding the effect of changes of cant, Figs 8 (a) and 9 (a) indicate that 
when transition curves are set out by measurement, there is a relation 
between the rates of gain and loss of deficiency and the sensations experi- 
enced by the observers travelling round them. A loss of cant deficiency 
- gives a sense of relief from discomfort to a passenger and, as might therefore 
_be expected, sensation numbers recorded for the lower rates of loss of 
- deficiency were somewhat less than those recorded for the same values of 
_ gain of cant deficiency. On the other hand, the higher rates of gain and 
~ loss of deficiency were equally unpleasant to the observers. 
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Figs 8 (b) and 9 (6) show that transitions which have not been set out 
properly cannot be correlated. As mentioned earlier, part of the cant 
had already been gained on the straight approaches to many of the curves, 
an effect which the Author suggests is not quite the same to the passenger 
as that of sensing a gradually changing centrifugal force, notwithstanding 
the difference in direction of the unbalanced force. On each of a few 
transitions the gain or loss of deficiency was confined to one portion of it 
and was so rapid that the observers experienced a momentary lurch but 
only recorded an average sensation ; this accounts for the scattered points 
towards the right-hand-side of the graphs. Having in mind much the 
same thought as when cant deficiency was discussed, the Track Committee 
decided to adopt for design purposes the maximum permissible rates of 
gain and loss of cant deficiency of 2} inches per second,* values again. 
corresponding approximately to sensation No. 2. 


Rate of Gain and Loss of Cant 

In the test-run made at the equilibrium speed (30 miles per hour), the 
observers were not expecting to sense any unbalanced centrifugal force, 
particularly on the curves which had been set out by measurement, so 

that their attention was primarily devoted to the rotation of the coach 
~ about a longitudinal axis as it climbed or ran down the cant gradients. 

Fig. 10 (a) shows that a relation exists between the rate of gain of cant 
and the sensations experienced when the transitions have been set out by 
measurement, but the results are erratic for other transitions. Fig. 10-(b), 
referring to rate of loss of cant, gives rather erratic results on all the 
curves but it should be noted that, as in Fig. 10 (a), the transitions which 
had been set out by measurement were mostly given lower sensation 
numbers than those not so designed. 

On the whole, the points on the graph in Fig. 10 (6) are lower than those 
in Fig. 10 (a); nevertheless, when considering the points obtained from 
curves 1 to 14 on the latter, it is evident that passengers will only just 
notice rates of gain of cant of 24 to 3 inches per second—values in excess of 
those which a curve designer would normally require to use. Incidentally, 
rates of gain of cant of this order prevailed during test-runs 1 and 3, and 
the results just presented show that to disregard the relatively slight 
effect on the observers of changes of cant was justified when the sensations 
caused by gain or loss of cant deficiencies were being considered. 

For the great convenience of being able to make the fullest use of the 
graphs reproduced in Part II of this Paper, the Track Committee decided 
to limit the design value of the rate of gain of cant to 2} inches per second, 
this being the same as the limiting value of the rate of gain of cant deficiency 
for design purposes. It was emphasized, however, that a somewhat 
higher rate of gain of cant would not jeopardize the safe passage of trains. 


= ee to a change of acceleration of 1-22 feet per second per second in a 
second. : u 8D fo fee 
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Cant Gradients 
The term “ rate of gain of cant ” implies that the speed of a train is 
involved ; but should the speed be low, gains of cant within the 24 inches 
per second allowed would result in steep cant gradients. The Track 
Committee therefore felt that a limit should be laid down for the steepness 
of cant gradients. When the matter was discussed, considerable diversity 
__ of views was again evident and members could do little more than express 
- opinions. 
The Author proposed some tests, which he was afterwards asked to 
carry out, to find the derailing tendencies of vehicles on cant gradients. 
It can be shown theoretically that when a vehicle is traversing a length 
j of curved track, there will be a tendency for the outer leading wheel of 
_ the vehicle to climb the rail, such a tendency depending on the ratio, for 
: this particular wheel, of flange force P to wheel load W. 
pf | 
es 


, “tT 
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As mentioned earlier, when a vehicle moves round a curve at a speed 
other than the equilibrium speed, a transference of weight from the wheels _ 
on one side of the vehicle to those on the other takes place, owing to the — 
unbalanced centrifugal force. A redistribution of weight will also occur 
when passing over transition curves, where a twisting effect will be 
introduced ; this redistribution will be most pronounced when the vehicle 
is unloaded and, obviously, the longer the wheel-base the greater will be — 
the twist applied. These two factors, therefore, will influence the load 
on any particular wheel, and consequently the ratio P/W. 

Figs 11 


TE LT SE 
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WAGONS USED IN Tests To Frnp Deraming TENDENCIES ON Cant GRADIENTS 


It was thought that the vehicles whose weight distribution would be 
most affected would be those having the longest rigid wheelbases, or the 
stiffest frames and springs, or possibly a combination of these two features. 
A search through the wagon stock book of British Railways enabled the 
selection to be made of three types of wagons thought to be the most likely 
to be affected in the manner just mentioned. One wagon of each type was 
selected as representative of its kind; line diagrams of them are shown 
in Figs 11. 

_ Tests were made on a weigh-bridge and consisted of measuring the 
individual wheel-loads of each wagon on artificial cant gradients, the 
gradients being obtained by running one wheel of the wagon being tested © 
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up a ramp on to packings of calculated thicknesses. For each wagon, 
unloaded, the wheel loads corresponding to cant gradients of approximately 
1 in 200, 1 in 300, and 1 in 360 were thus obtained. 

Afterwards, by removing the springs from the wagons and subjecting 
them to load-deflexion tests, it was ascertained that they were in average 
condition. 


Fig, 12 
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(Based on Theory of Uberlacker : 2 = 0-25, and calculated on 3} inches cant 
deficiency) 
od 


By considering the wheel-loads and the effects of cant in conjunction 
- with the theories of Uberlacker,’ it was found that, for these wagons, the 
‘maximum value of P/W would occur when the cant deficiency was greatest. 
‘The transfer of weight from the inner to the outer wheels was therefore 
calculated for a 3}-inch deficiency of cant. By using these values in 
conjunction with those obtained from the tests, the wheel-loads of each 
- F 


_ 


_- 


ce 
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vehicle when travelling over the above-mentioned cant gradients wit: 
3}-inch cant deficiency were determined and then used to calculate, by 
applying Uberlacker’s theory, the flange force P for each case. 

Graphs of the values of the ratio P/W at the outer leading wheel and ~ 
for the various cant gradients are shown in Fig. 12. } 

It will be observed from the graphs that the Casewag vehicle, though _ 
having a shorter wheelbase, has a greater tendency to derail than the other — 
two types, presumably, because of the relatively stiffer framework of the 
wagon. 

The Track Committee decided that the results, excluding those for the _ 
Casewag vehicle, justified the adoption of 1 in 300 as the value for the 
steepest permissible cant gradient. This figure would allow a reasonable 
margin of safety for any small discrepancy that might exist in the track 
or for moderate eccentricities of loading of the wagons. With regard to 
the Casewag vehicles, of which only five now exist, the Committee has 
asked for them to be modified to reduce their derailing tendencies. 


General Summary 
The Track Committee considered that cant should be provided to give _ 
equilibrium conditions at the speed selected as the basis for calculation. _ 
The Committee’s recommendations on limiting values which should — 
be used in design are given in Table 4. 


TABLE 4,.—RECOMMENDED LIMITING VALUES 


Maximum permissible cant : : - | 6 inches 
Maximum permissible rate of gain and loss of 
cant . 4 . , F ‘ . | 2} inches 


per second 
Maximum permissible cant deficiency on 


Classes A and B lines. : : . | 3} inches These figures to be 

Maximum permissible cant deficiency on reduced as cant in- 
Classes C and D lines and in switch turnouts | 24 inches 

Maximum permissible rate of gain and loss of 


creases 


cant deficiency . ; A . | 2} inches 
; per second 
Steepest permissible cant gradient . - | Lin 300 


Throughout the deliberations which eventually led to these decisions; _ 
members of the Committee emphasized that the value selected for each of 
the features was such as would permit of the deterioration of the condition 
of the track which normally occurs between occasions when the track has 
attention. Further, whilst these limiting values can be used with-confi- 
dence, the Committee intends that they should only be used where made 
necessary by space restrictions, and the Committee would prefer the 
designer to use, where possible, values of rate of gain and loss of cant and 


of cant deficiency not exceeding 1} inches per second, and to design 
transitions in which the cant gradients do not exceed 1 in 450. Transitions 
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conforming to these figures will be 14 times as long as those designed on 
the limiting values. 
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Part II.—Application of the Experimental Data to Design 


by 
‘Martin George Maycock, B.Sc.(Eng.), A.M.I.C.E. 


INTRODUCTION 


‘TE aspect of curve design dealt with in this part of the Paper is the 
elation between the form of the curve and the speed of trains. Design, 
in this sense, applies both to the planning of curves on new lines of railway 
“and to the improvement. of existing curves. It covers also the deter- 
"mination of permissible speeds on curves even where no improvement 1s 
, = <, ; 
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possible. Methods of re-aligning curves are outside this aspect of th 
subject and are not discussed. 

‘As mentioned in Part I, the methods of the former Railway Companies 
of Great Britain in the design of curves were not uniform. The advantag 
of uniform practice, particularly in the assessment of permissible speeds, is 
apparent, and the Railway Executive has therefore approved for general 
use certain principles and rules for curve design, the development and — 
application of which are here explained. In the design of curves it is not — 
possible to work to fixed rules in every respect. Conditions differ so widely 
that liberty is necessarily given to designers in the selection of suitable _ 
values, provided that they are within the specified limits. What has been 
laid down is therefore a code of practice, embodying certain limiting rules, 
rather than precise instructions to cover every feature of design. 

To indicate the range of the subject two extreme cases may first be 
mentioned. On new lines of railway where there is no restriction of space 
and where, in consequence, a free choice of curvature and cant may be 
made, it is possible to design a curve for any required speed. On existing 
lines, on the other hand, cases are sometimes met where restricted clear-_ 
ances preclude any appreciable improvement of curvature or cant, and 
the problem is then to determine the maximum speed which the existi 
conditions will allow. . 

Neither of these cases is of common occurrence on British Railways. _ 
Most problems of curve design are concerned with curves where some 
adjustments of curvature and cant are possible, and where the designer’s _ 
task is to determine the most suitable conditions in relation to the required 
or the permissible speed. F . | 

All these cases fall within the scope of the rules given in this Paper. _ 
The rules are intended primarily for curves with transitions; their 
application is later extended to the less usual case of curves without 
transitions, and to the more complicated conditions that occur in switch- 
and-crossing work. The rules are based on the relation between curvature, _ 
cant, and speed as derived from the principles of dynamics. They incorpor- 
ate the limiting values of cant and of deficiency of cant, and of their rate 
of change, in accordance with the conclusions reached in Part I of the 
Paper. 

Graphs based on the formulae are also provided. By their use the 
selection of suitable values for the several variables involved is greatly 
facilitated, and it will be found that most problems of curve design can 
be more readily solved by the graphs than by other means. 


DERIVATION oF RuLEs 
The symbols used in deriving the formulae are as follows :— 


v denotes the speed of the train in feet per second. 
V ” ” 099099 9 in miles per hour. 
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V, denotes equilibrium speed in miles per hour. 

», maximum permissible speed in miles per hour. 
», radius of curve in feet. ‘* 

Ww Pinte 963 an chains: 

;, actual cant in feet, 

34 »> 59). In inches. 

deficiency of cant in feet. 

. oft »> sy) 1m inches. 

distance between centres of rails in feet. 
acceleration due to gravity in feet per second per second. 
», weight of vehicle in pounds. 

length of transition curve in feet. 


While the principles stated below are true for track of any gauge, the 
practical formulae have been deduced for track of 4-foot-83-inch gauge, the 
value of s being 4 feet 114 inches. 

Conditions will be considered separately on the two parts of the curve, 

namely, the circular part and the transition. The rules given for the 
transition at the beginning of the curve will also apply to the transition 
at the end of the curve. 


Seas eS w+ x 


Circular Curve 

1. Equilibrium Speed 

__ When the speed of a vehicle on a canted curve is such that the resultant 

of the centrifugal force and the weight of the vehicle is normal to the 
canted track, “ equilibrium conditions ” are said to obtain and the speed 

_is known as the “ equilibrium speed.” Under these conditions the weight 

is equally divided between the two rails, and the centrifugal force is 
balanced by the horizontal component of the normal reaction of the track. 

Since this component is proportional to the cant, the centrifugal force 
is said to be balanced by the cant. 


Wr 
In Fig. 13, the resultant F of the centrifugal force and the weight W 


acts normally to the canted track AB. Owing to the very small angle 
that the canted track makes with the horizontal, AC may be considered 


equal to AB; that is, AC =s. 


dias ai: 
Hence PPT, 
sv 
And the cant, ne; = m3 feet. 
In practical units, . 
i 2 
t , : 0-06 Ve 4 
the cant, a R inches 


~ and the equilibrium speed, V.=4-08V RE miles per hour. 


Ve 
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2. Speed in Excess of Equilibrium Speed ; Maximum Permissible Speed | 

If the speed of the vehicle exceeds the equilibrium speed the centrifugal 
force is increased and the resuttant F deviates outwards from the centre- 
line of the track, as shown in Fig. 14. If the actual cant e, were increased 
by an amount d to a total of e, +d, so that the resultant would again — 
act normally to the canted track, equilibrium conditions would be restored, 
and then, as before, the total cant: 


+d =— 
movide: benog «hs O6F 
In practical units, 4D siz 
Fig. 13 
We? 


If the increased cant is not provided and the actual cant remains at EZ, 
then D is the deficiency of cant. If Dis the maximum allowable deficiency 
of cant, then the maximum permissible speed is given by : 
m = 4:08V R (£ + D) 

It will be evident that only a part of the centrifugal force is balanced by 
cant in this case, and that the deficiency of cant is proportional to the 
unbalanced part. It is proportional also to the increase of radial accelera- 
tion associated with the unbalanced centrifugal force. 

The maximum allowable deficiency of cant for any value of actual 
cant, as based on the conclusions given in Part I, is shown in Table 5. 

Fig. 15 (a), Plate 2, has been constructed from the formulae for equi- 
librium and maximum permissible speeds given above. It gives the equi- 
librium speed for any radius of curve with any value of cant. It also 
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TABLE 5.—MAXIMUM ALLOWABLE DEFICIENCY OF CANT 


Actual cant, /: inches 


Maximum defici- 


Class of ency of cant D 
line | expressed in 
: 0 1 2 3 £ 5 6  |terms of # inches 
AandB . . | 3 34 3 2 2 2 2 3h-+44 
C and D and ;: ‘ ; : “ 
turnouts . 24 24 2 1? 1k 14 1 24-12 


Definitions of the classes of line will be found in the Appendix, p. 541. 


gives the maximum permissible speed for any radius of curve when the 
maximum allowable deficiency of cant is added to the actual cant. 

The figures in Table 5 are plotted in Fig. 15 (c), Plate 2. Values of 
E + D are plotted in Fig. 15 (6). For intermediate values of cant the 
appropriate deficiency of cant can be interpolated, or calculated from 
the formulae given in the table, or read from Fig. 15 (c). 


Transition Curves 


1. The Purpose and Form of Transition Curves 

The purpose of a transition curve is to allow the centrifugal force to be 
gained gradually and at a comfortable rate. The ideal transition between 
straight track and a circular curve is one in which the curvature increases 
uniformly from zero at the tangent with the straight to its full value on 
reaching the circular curve. The cant and the deficiency of cant, which 
are proportional respectively to the balanced and the unbalanced parts 
of the centrifugal force, should also increase uniformly in the same distance, 


3 _ so that at any point on the transition their relation to the curvature will 


be constant. The length of the transition should be such that at maximum 
speed the rates of increase of cant and of deficiency of cant are not greater 
than those specified in Part I, namely, 27 inches per second in each case. 
The condition that curvature should increase uniformly will be fulfilled 
with a close degree of accuracy by providing a transition curve of cubic 


parabola form. The equation of the cubic parabola is: 


y = ka 
~ and the curvature at any point is approximately : 
d2y 
da2 = 6ka 


When x=L the full length of the transition, the curvature will be 


1 
: where r is the radius of the circular curve. Hence — 6kL and 
‘ 


The equation of the curve is therefore ¥ = er 
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The curvature at any point distant « from the origin is then : 

dy = « 

da? rL 
and, since r and Z are constants, the curvature is in direct proportion to the 
distance x. It follows that the versines of the transition curve will increase 
uniformly as shown in Fig. 16. Slight adjustments are required at the 
tangent points on account of the chord extending on to the straight or 
- on to the circular curve. Thus at point 1 the versine, instead of being 
zero, is about one-sixth of the versine at point 2. A similar adjustment 
is shown at point 5 in the diagram. Fig. 16 also shows a typical cant 
gradient. 

The same principles apply to the transition at the other end of the 

curve. 

Fig. 16 


Versines 


ew 

| 
! 
| 
4 
— Straight ay Transition —+}e— Circular curve 


Form or TRANSITION CURVE 


Cs 
| 


2. Minimum Length of Transition Curve 

If the cant and the deficiency of cant increase uniformly from zero 
to their full value in the length of the transition curve, their rate of 
increase will be constant, provided that the speed of the train remains 
constant. If the time taken to run through a transition curve of length 
L feet at a speed of v feet per second is ¢ seconds, and the cant, E inches, is 
to be gained at a rate of 2} inches per second, then : 


E 
rales - feet 


t 
Similarly, for deficiency conditions : 
vD 
L=vt=— 
vt FI feet 


In practical units, the minimum length of transition is: 
L = 0:65 EV im, or L = 0-65 DV m feet ; 


the greater of the two lengths being used. 
The above formula for the minimum length of transition based on 
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deficiency of cant applies for all speeds. The formula based on cant 
applies only to speeds above 38-5 miles per hour. Below this speed it 
will be found that the formula L = 0-65 EV, gives a cant gradient steeper 
than 1 in 300, the limiting gradient specified in Part I. Below this speed 
therefore the minimum length of transition is given by: 


L = 25E feet 


which represents a cant gradient of 1 in 300, or 1 inch in 26 feet. 

The above formulae have been used in constructing Fig. 15 (d), Plate 2, 
which therefore gives the minimum length of transition for any maximum 
speed, with any value of cant or of deficiency of cant. It is emphasized 
that the length of transition obtained by the above rules is the absolute 
minimum, and that, where space permits, a longer transition should be 
provided. A transition at least 14 times the length obtained by the 
formulae or from Fig. 15 (d), Plate 2, should be provided where possible. 


3. Transition Curve of Restricted Length 

Where space does not permit the use of the minimum length of transi- 
tion specified above the longest transition possible should be used, and a 
lower cant or a lower deficiency of cant, or both, should be selected ; 
this will have the effect of reducing the maximum speed. The values of 
cant and of deficiency may be obtained by equating the expressions for 
maximum speed on the transition and on the circular curve, thus: 


L 
Vin = 4:08V R(# + D) = 0-65E 


Substituting (34 — }#) for D in the case of class A and B lines, the required 


cant is obtained from the equation : 


a 


é 


L2 
7-03(2E3 + 3422) = > 


The corresponding equation for class C and D lines is: ; 
LP 
7-03(223 + 24H?) = R 


The cant having been obtained, the maximum allowable deficiency of 
cant can be found from Table 5 or Fig. 15 (c), Plate 2. The maximum 
speed can then be calculated from the above formulae or read from 
Fig. 15 (a), Plate 2. If, however, the maximum allowable deficiency is 
greater than the cant, it is desirable to restrict it to the same value as the 
cant, since maximum speed in this case will be obtained when the cant 
equals the deficiency of cant. 

~ ‘These rather troublesome calculations can be avoided by the use of 
Fig. 15 (e), Plate 2, which has been constructed from the above formulae. 
For-a given radius and length of transition and for a given classification 


é of line the graph indicates the values of cant and of deficiency of cant 


“a 


4 
” 
a 
, 


o 
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which will give maximum speed. In using the graph the radius and 
length of transition are first found on the right-hand side. Reading acrcss 
to the class of line, the cant is found at the foot of the upper left-hand 
graph. The appropriate deficiency of cant can be read on the left. The 
maximum permissible speed is found in the lower left-hand graph, from the 
cant and the length of transition. When, in passing from the right to 
the left-hand graph, the dotted part of the classification line is reached, 
maximum speed is obtained when cant and deficiency are equal. Where 
the classification line is shown in full, cant exceeds deficiency. The 
examples given later will make the use of the graph clear. 

Fig. 15 (e), Plate 2, does not cover cases where the length of transition is 
governed by the maximum cant gradient of 1 in 300; that is, where 
I = 25E, and where maximum speeds are consequently less than 38-5 miles 
per hour. Such cases can be directly calculated from the known length 
transition of and the maximum amount of cant which that length allows. 


Amount oF CANT TO BE PROVIDED 


No precise rules can be given for the amount of cant to be provided on 
a curve. Generally it should be the equilibrium cant for a selected speed, 
which is then called the equilibrium speed. The selection of this speed is 
a matter for careful judgement, taking into consideration the local circum- 
stances and the nature and speed of the various kinds of traffic using the 
line. Formulae have been suggested for arriving at the mean speed for 
which cant is to be provided, but they do not take sufficiently into account 
all the factors involved, and are therefore liable to be misleading. 

Among the principal factors to be considered are :— 


1. The speed limit for the route. Curves should be designed and 
cant should be provided so that the speed limit for the route 
can be maintained wherever possible and restrictions can be 
avoided. 

2. The proximity of permanent speed restrictions, junctions, and 
stopping places, which may influence the speed on the curve 
under consideration. 

3. Up-gradients, which may reduce the speed of freight and slow 
passenger-trains without appreciably affecting the speed of 
the faster trains. 


4. Down-gradients, which may provide valuable recovery time on a 
difficult route. ji 


5. The relative importance and the timings of the various kinds of 
traffic using the line. ; 


On a curve where all trains travel at about the same speed, equilibrium 
cant should be provided to suit this speed. (s) al 


On a curve carrying mixed traffic running at different speeds, cant 
should be provided to suit a mean speed. This will usually be the average 


_ 
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speed of ordinary express passenger-trains, but it should be so selected 


__ as to avoid, if possible, imposing a speed restriction on the fastest trains. 


On lines chiefly used by slow freight traffic it may be necessary to limit 
cant so as to avoid excessive wear of the low rail, even though this may 
result in a speed restriction on faster trains. 

There are some cases where cant can be directly determined, as, for 
instance, where it is limited on account of clearances, or of transitions of 
restricted length, or of switch and crossing work. 

It is not necessary always to use the maximum allowable deficiency 
of cant; nor is it always desirable, for it may lead in time to excessive 
wear of the outer rail and to difficulties of maintenance. Maximum 
allowable deficiency should generally be reserved for places where the cant 
is limited, or where it is desirable to avoid imposing a restriction on the 
faster trains. 

As stated in Part I, cant should never exceed 6 inches. Values of 
cant above 6 inches shown in Fig. 15 (a), Plate 2, represent cant plus — 
deficiency, and not cant to be actually provided on the track. 

Cant is usually specified and indicated on the track to the nearest } inch. 
On transition curves the indications need not necessarily coincide with the 
chord survey points. 


EXAMPLES OF THE USE OF THE GRAPHS FOR SIMPLE CURVES 


(1) A 50-chain curve on a class A line is to be provided with equilibrium 
cant for 50 miles per hour ; it is desired to find the cant, the maximum 
permissible speed and the desirable length of transition. 


From Fig. 15 (a), Plate 2, the cant for 50 miles per hour on a curve of 


60 chains radius is read as 3 inches. From Fig. 15 (c) the maximum 


allowable deficiency for 3 inches cant is read as 2? inches. The maximum 
permissible speed is then read from Fig. 15 (a) for 50 chains radius and 
a total of 3 + 23 inches cant, and is 69 miles per hour. 

The cant, being greater than the deficiency, governs the length of the - 


- transition, the minimum length of which for 69 miles per hour and 3 inches 


cant is read from Fig. 15 (d) as 134 feet. The desirable length is at least 


14 times 134 = 201 feet. 


(2) A 60-chain curve on a class A line is to be canted for a maximum 
speed of 80 miles per hour ; it is desired to find the cant and the desirable 
length of transition. 

From Fig. 15 (a), Plate 2, cant plus deficiency for 60 chains radius and 
80 miles per hour is read as 6-4 inches. From Fig. 15 (b) it is found that 
the cant will be about 4 inches; the deficiency will therefore be 2-4 
inches. From Fig. 15 (d), it is seen that the minimum length of transition 


for a speed of 80 miles per hour and 4 inches cant will be 208 feet. 


The desirable length will be 312 feet. — 
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(3) On a 35-chain curve on a class B line no cant can be provided 5 
it is desired to find the maximum permissible speed and the mimimum 
length of transition. 


From Fig. 15 (c), Plate 2, the deficiency for no cant is read as 3$ 
inches. From Fig. 15 (a) the maximum speed for 35 chains radius and 
3h inches deficiency is found to be 45 miles per hour. From Fig. 15 (d), 
the minimum length of transition for 45 miles per hour and 3} inches 
deficiency is found to be 102 feet. 


(4) On a 30-chain curve on a class B line the length available fora 
transition is only 120 feet ; it is desired to find the cant, deficiency, and 
maximum speed. 


Using Fig. 15 (e), Plate 2, reading from 30 chains on the right-hand side 
up to the 120 feet transition line, and thence across to the A and B classi- 
fication line, the cant is read at the foot of the upper left-hand graph 
as 3°35 inches, The deficiency is also read on the left as 2-65 inches. 
The maximum speed for 3-35 inches cant and 120 feet transition is read 
in the lower left-hand graph as 55 miles per hour. 


(5) On a 25-chain curve on a class A line the length of transition is 
limited to 66 feet ; it is desired to find the cant, deficiency, and maximum 
speed. 


From Fig. 15 (e), Plate 2, the cant for 25 chains radius and a 66 feet 
transition is read as 2:3 inches, This being on the dotted part of the 
classification line the maximum speed will be obtained when cant equals 
deficiency. Maximum speed for 2-3 inches cant, or an equal amount of 
deficiency, with a 66 feet transition, is read as 44 miles per hour. 


(6) On a 10-chain curve on a class D line the cant is to be limited 
to 2 inches ; it is desired to find the deficiency, the maximum speed, and 
the minimum length of transition. 


From Fig. 15 (c), Plate 2, it is found that the maximum deficiency 
will be 2 inches, and from Fig. 15 (a), that the maximum speed will be 
25-8 miles per hour. Since the speed is low, the limiting cant gradient of 
1 in 300 may have to be considered. From Fig. 15 (d), the minimum 
length of transition for 2 inches deficiency is read as 33-6 feet, but the 


minimum length for 2 inches cant is 50 feet, and this length at least must 
be provided. ~ r 


CompounD CuRVES 


It is desirable to design the two circular parts of a compound curve 
for a uniform maximum speed. This involves the selection of suitable 
values for the cant and the deficiency of cant. The minimum length of 
transition connecting the curves will depend on these values, and will be 
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given by one of the following formulae, the greatest of the three lengths 
_ obtained being adopted, 


L i 0-65(D, — Dz) Vn 
L — 25( Ey Taj Ex) 

Where space does not permit a full length transition, the cants and 
deficiencies and the maximum speed should be appropriately reduced. 
Where no transition can be provided, the case should be dealt with as 
described under the heading “ Curves without Transitions.” 

Example: A compound curve on a class A line has radii of 60 and 20 
chains ; it is desired to find the cant and deficiency, and the length of 
transition required for a maximum speed of 45 miles per hour. 

From Fig. 15 (a), Plate 2, H + D for 60 chains radius and 45 miles 
per hour is read as 2 inches; and # + D for 20 chains radius and 45 miles 


Fig. 17 
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per hour is 6 inches. Suitable values would be H = 2 inches and D = 0 
for the 60-chain curve, and H = 4 inches and D = 2 inches for the 20- 
chain curve, as these values give the same change of cant as of deficiency, 
and therefore the same minimum length of transition, L =0-65 (4 — 2) 45 = 
59 feet. If space permits it would be desirable to provide a transition not 

less than 14 times 59 = 88-5 feet. Fig. 17 shows this length of transition 
_and the way in which the versines, the cant, and the deficiency change. 
; The versines are calculated on a 66-foot chord. 

& ReversE CURVES 
mm In reverse curves the end of each curve should have a transition of the 
standard form and of length to suit the values of cant and of deficiency 


—. 


a ~ 
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selected. Asin the case of compound curves, these values should be chosen 
so that the maximum speed on the two curves will be uniform. Where 
a full-length transition cannot be provided these values should be appro- — 
priately reduced and a lower maximum speed will be obtained. Reverse 
curves without transitions are dealt with later in the Paper. 

It is not desirable to interpose a short length of straight track between 
reverse transitions if this can be avoided. It is found that steadier running 
is obtained when the gradual rotation of a vehicle due to reversal of cant 
is not interrupted. Similarly, it is undesirable to interrupt the gradual 
reversal of side thrust due to deficiency of cant. If necessary, the 
transitions should be slightly lengthened to eliminate a short length of 
straight if one exists. 

Example: Reverse curves on a class A line have radii of 60 and 70 
chains; it is desired to find the cants and deficiencies and the minimum 
lengths of the transitions for a maximum speed of 80 miles per hour. 

From Fig. 15 (a), Plate 2, H + D for 60 chains radius and 80 miles 
per hour is 6} inches and Z + D for 70 chains radius and 80 miles per _ 
hour is 54 inches. A suitable choice of cants and deficiencies would be — 
E =4 inches and D = 2} inches for the 60-chain curve, and # = 3 
inches and D = 2} inches for the 70-chain curve. From Fig. 15 (d), 
Plate 2, the minimum length of transition for the 60-chain curve with 
4 inches cant is 208 feet, and for the 70-chain curve with 3 inches cant is 
156 feet. Fig. 18 illustrates this example. 
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Curves WirHout TRANSITIONS 


Curves without transitions are seldom found on plain line at’ the 
present time. They are more common, however, in junctions and con- 
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-nexions, and particularly in crossovers. It is necessary, therefore, to 
- consider some means of assessing permissible speeds in such cases. 

The foregoing rules are not directly applicable to curves without 
transitions, but they can be made to apply by adopting the principle of 
the “virtual transition.” It must be remembered that the rules are 

| based on the comfort of passengers travelling in bogie coaches. Considering 
_ the motion of such a coach running at uniform speed directly from the 
| straight on to a curve, it will be seen that the whole vehicle begins to 
| acquire radial acceleration when the leading bogie passes the tangent point. 
_ It continues to gain radial acceleration until the trailing bogie reaches this 
point, after which the vehicle is subject to uniform circular motion. The 
change of motion is thus completed in a distance equal to the length between 
_ the centres of bogies. The shortest distance between the bogie centres 
of the British standard coaches, namely 40 feet, has therefore been accepted 
as the length of the virtual transition. 

The maximum permissible speed at the virtual transition may be 

obtained from the formulae previously used :— 


L=0-65EVm, L=065DVm, or L = 258, 


_when ZL is 40 feet and # and D are known or are suitably selected. The 
deficiency of cant is considered as being gained within the length of 40 feet, 
commencing on the straight 20 feet before the tangent point. The cant 

will normally be gained in the same distance, the run-up commencing at 

the same point. In order that the maximum cant gradient of 1 in 300 
shall not be exceeded, the amount of cant should generally be limited to 
40 + 25 = 1:6 inches. In special cases where it is necessary to provide 
a greater amount of cant it may be run up in 80 feet, commencing on the 
straight 60 feet before the tangent point. 

The cant and the deficiency of cant should be selected so as to give a 
uniform maximum speed on the curve and on the virtual transition ; or, 
if more accurate values are desired, they may be obtained by equating 
the two expressions for maximum speed, as shown below. Care should 
be taken that the limits specified for the amount and the rate of change 
of these values are not exceeded. 

- The principle of the virtual transition holds good also for compound 

and reverse curves. Itis necessary to consider only the case of compound 

curves when the radii are widely different; the change of cant or of 
deficiency is not generally large enough to reduce the speed on the virtual 

_ transition below that for the sharper of the two curves. On reverse curves, 
however, the sum of the cants or of the deficiencies on the two curves has 

to be considered at the reverse, and the maximum speed on the virtual 
transition usually governs the overall maximum permissible speed. The 
application of the principles to a few cases of common occurrence is shown 
below ; the numerical examples are used later in the tables of speeds for 
crossovers. 

- 35 

/ “c 
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Curve tangential to the straight ; no cant ! i 
Equating the maximum speeds for the curve and the virtual transition : 


40 
Vim = 4:08V RD = oe 
6:10 
Hence, D = WR 


If R is 21 chains, D by the above formula will be 2-21 inches, and Vi» will _ 
be 27-8 miles per hour. 


Reverse Curves ; No Cant 

There is often a short length of straight between reverse curves. If it 
is more than 40 feet in length the two curves are considered separately as _ 
curves tangential to the straight. If it is less than 40 feet, change of 
motion of a vehicle from one curve to the other takes place in a distance 
of A -+ 40 feet, where A is the length of straight. Let R, and R, be the 
radii of the two curves and D, and Dz their deficiencies of cant. Equating 
maximum speeds on the two curves and on the virtual transition : 


—— —— A+ 40 
Vin = 4-08V RD, = 4:08 RD = 0:65(D; + Dr) 
Hence, D,=3 _ RA +40)? 
T-04R, (Ri + Re)? 


Vm may then be calculated or read from Fig. 15 (a). If R, is 25} chains, 
Ry 232 chains, and A is 37 feet 10 inches, D, by the above formula will 
be 1:99 inches, and V», will be 29-0 miles per hour. 

Where reverse curves have the same radii, the deficiencies will be equal, 
and the above formula reduces to : 


i; fee 
ee, 28:16R 


Hence, n= 2-34 R(A + 40). 


These formulae apply to single crossovers with like turnouts, between 
straight and parallel main lines, where the radius of the turnout is not 
less than 144 chains. Below this radius the maximum deficiency of cant 
of 24 inches governs the speed. If Ris 21 chains and A is 20 feet 10 inches, 
a by the above formula will be 1-84 inches, and V», will be 25-4 miles per 
our. | 
The above formulae will apply to “ immediate reverses,” that is, where 
there is no straight between the two curves, by putting A as zero. In 
the particular case where the radii are equal and there is no cant, _ 


Vin = 8:00/R. 
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TURNOUTS, CROSSOVERS, AND JUNCTIONS 
Turnouts 
Much consideration has been given to the most convenient way of 
determining the maximum permissible speed through turnouts. The 
conditions resemble those on a curve without a transition, with the addi- 
tional complications that there is a sudden divergence owing to the angle 
which the switch makes with the stock rail, that the switch is straight 
throughout the planed length and curved beyond the planing; and also 
that in some cases the turnout curve is sharper than the switch curve. 
Moreover, the severity of the divergence at the switch, and the radii of 
_ the switch and turnout curves, vary according to the degree and direction 
of curvature of the main line. 

The radius of the turnout curve affords the most ready measure of 
these varying conditions and of the severity of the deviation from the main 
line. It is therefore convenient to base the maximum permissible speed 
on the radius of the turnout curve, and to reduce the allowable deficiency 

_ of cant, as compared with plain line, so as to compensate for the sudden 
divergence at the switch. The reduced deficiency should be applied to 
the diverging or converging lines throughout a junction or group of con- 
nexions in order to allow for the disturbing effect of crossings and check- 
rails on sharp curves. It need not be applied to curves of greater radius 
than 40 chains as these effects are less noticeable on flatter curves. 

The maximum speed on turnouts is therefore given by the formula 


for simple curves : 
Vin = 4:08V R(E + D) 


where R is the radius of the turnout curve in chains, and # and D are the 
cant and deficiency of cant, D having the values for turnouts shown in 


Table 6. 


Example: In a turnout consisting of D-switches and a 1-in-12 crossing, 
diverging from a straight main line and laid without cant, the radius of 
the turnout curve is 21 chains. The maximum permissible speed as 

ealculated by the above formula will be 29-5 miles per hour. This result 
may also be obtained from Fig. 15 (a), Plate 2. 


Turnouts with Negative Cant 
Cases where the inner rail of a turnout is elevated above the outer rail 
occur sometimes in turnouts from a curved main line of contrary flexure, 
where the cant is applied to suit the main line. The cant on the turnout 
is then known as “ negative cant.” The rule for maximum speed on 
‘turnouts will apply provided that the cant Z, is given a negative value : 


thus, — = 
i Vn = 4:08V R(— En + D) 


i. 


, 54 >: oe? s 
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D will have the same value for negative cant as for positive cant, as sho 
in Table 6. 

Example: If the radius of the turnout curve is 21 chains and there is 
1 inch of negative cant, the allowable deficiency, from Table 5, is 2:25 
inches. The maximum speed will then be: 


= 4:08 21(— 1-0 + 2-25) = 20-9 miles per hour. 


This result may also be obtained from Fig. 15 (a), Plate 2." 

If Ep in the above formula is equal to or greater than D, the formula 
does not hold good, and a speed of 10 miles per hour may be allowed m 
such cases; this also applies when (— E, + D) is positive but gives rise 
to speeds less than 10 miles per hour. 

It is undesirable for negative cant to exceed 3 inches at switches and 
common crossings, and 2} inches at obtuse crossings. 


Single Crossovers 

The maximum speed for each turnout should be obtained from the 
formulae stated above. The maximum speed on the reverse should be 
calculated by the rules given for reverse curves without transitions, 
allowance being made for the length of straight track between the crossings. _ 
The overall maximum speed will be the lowest of the values obtained. 

Table 6 shows the maximum speeds for the turnouts and for the reverse 
for some typical crossovers between straight main lines, with various 
intervals between tracks, and laid without cant. The speeds for the “D 
and 12” crossover have already been worked out as examples in the 
previous sections; the other speeds have been arrived at in the same 
manner. Speeds to the right of the thick line remain the same for any 
particular crossover because the distance between the crossings is 40 feet 
or more, and they are therefore dealt with as curves tangential to the 
straight and not as reverse curves. 


TABLE 6.—MAXIMUM SPEEDS FOR SINGLE CROSSOVERS 


[Praise on reverse (miles per hour) for various 
distances between lines (running edges) 


38-2 | 39-0 | 39-0 
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If the main lines are curved, the radii and consequently the maximum 
speeds for the turnouts will differ. The deficiencies will also differ, that 
on the sharper curve being increased, while that on the flatter curve will 
be correspondingly reduced. The sum of the deficiencies will, however, 
-temain the same if the turnouts are alike in size. Hence the total change 
of deficiency will be the same as for a crossover of the same dimensions 
between straight main lines, and the reverse speeds shown in the table 
above will hold good. The formula for maximum speed on the reverse 


Vn = 2:34W R(A + 40) 


will apply if R is the equivalent radius of either turnout curve from a 
straight main line, as calculated by the well-known rule. 


Through Crossovers 
The rules already given are applicable to the various parts of through 
crossovers crossing one or more lines. The overall maximum speed will 
be the lowest of the values obtained for the several parts. Some examples 
of typical uncanted crossovers between pairs of straight and parallel main 
- lines are given in Table 7. 


Double Junctions 

| ©The speeds given in Table 7 will apply to double junctions on straight 

main lines up to the obtuse crossings of the diamond. Beyond this point, 
- conditions may vary widely, but the appropriate rules can be applied. 


Canted Curves through Turnouts, Junctions, and other Connexions 
An appreciably higher speed can usually be obtained by canting curves 
‘in turnouts and other connexions. The use of two-level chairs or base- 
_ plates enables cant to be provided to a limited extent on the diverging line, 
independently of the main line. It is a particular advantage to use them 
in turnouts and junctions of contrary flexure to the main line, and often 
‘avoids severe speed restrictions due to negative cant. 
The foregoing rules can be applied to the several parts of canted 
-connexions and the maximum speed for the whole of the diverging line will 
~ be the lowest of the values obtained. 


Sprep Limits AND RESTRICTIONS 


A Speed Limit is the maximum speed allowed on a particular line or 
_ branch or on sections thereof. 
4 A Speed Restriction is a limitation of speed on a stretch of line where 
_ the speed must be below the general speed limit. Speed restrictions are 
_ specified in steps of 5 miles per hour. The nearest multiple of 5 below 
the calculated maximum permissible speed should be taken as the speed 
restriction, unless the calculated figure is itseli a multiple of 5. It will 
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be noted that the appropriate speed restrictions have been shown for each — 
of the crossovers in Tables 6 and 7. 


GENERAL CONSIDERATIONS IN CuRVE DESIGN 


Under the heading “‘ Amount of Cant to be Provided,” attention was 
called to the need, when designing a particular curve, to consider the nature — 
and speed of traffic using the line and the overall speed limit. Some — 
stress has also been laid on the desirability of designing the various parts: 
of a curve for a uniform maximum speed, so that the whole curve will be 
of balanced design. 

These considerations are of equal importance when a series of curves 
is being adjusted, especially if they are on an important main line. If 
curves are treated individually, without reference to general conditions 
on the route, there is a liability that their resulting speed-values may be 
unequal. Frequent variations of speed limits or restrictions should be 
avoided, because they are difficult to observe and are apt to be disregarded. _ 

Where gradients are easy and there are no other restrictive conditions, — 
it is desirable to design for a uniform maximum speed, if not for the whole 
route, at least for a considerable section. Where, owing to the nature of _ 
the line, uniform speed cannot be maintained, the speeds attainable on 
various sections should be ascertained and, if practicable, curves should 
be designed to suit those speeds. Thus, for instance, on a long falling 
gradient curves should be designed to give traffic the benefit of a higher 
speed, and it should be remembered that the increased speed may continue 
for a long distance beyond the gradient. . 

A general review of conditions on a line will indicate the curves which _ 
need radical treatment to suit the speeds attainable, and those where a 
minor adjustment will suffice. Work can then be concentrated on those | 
improvements which will give the greatest benefit to traffic. 
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APPENDIX 
CLASSIFICATION OF LINES 
The running lines of British Railways are classified according to their importance 


and the type, weight, and speed of the traffic which they carry, in accordance with 
the ruling of the Railway Executive shown in Table 8. 


TABLE 8.—DEFINITION OF CLASSES OF LINE 


Class of Line Definition 


A Lines subject to speeds exceeding 60 miles per hour, over which 
twelve or more express passenger-trains operate regularly (winter 
timetable) per 24 hours. 


Bi Lines subject to speeds of 60 miles per hour and over, but not 
qualified to be classed as A lines. 

Bii Lines carrying intensive traffic even though the speed is less than 
60 miles per hour. 

Cc Lines subject to maximum speeds of 45 to 60 miles per hour. 

D Lines subject to speeds of less than 45 miles per hour. 


ee 


Note: A limited mileage of lines is classified for reasons other than speed and/or 
traffic density ; for example, high axle-loads of locomotives or other special uses. 


The permanent-way material used is graded in accordance with the classification 
of the line. New material is used on A and B lines, the rails being of the standard 
flat bottom section weighing 109 lb. per yard, or of the former standard bull-head 
section weighing 95 lb. per yard. On class C lines the rails are either of the standard 
flat-bottom section weighing 98 Ib. per yard, or second-hand rails with equivalent 
life; the other material is new. On class D lines the whole of the material is 

second-hand, the rails being of slightly lighter weight than those used in C lines. 


Discussion 


‘ The Authors introduced the Paper with the aid of a series of lantern 

' slides. 
The Chairman said that both the Authors were steeped in the subject 
with which they had been dealing, and it must have been comparatively 
simple for them to produce the Paper, because they were thinking about 
the subject all day long and could easily put on paper exactly what they 
knew. ‘To one who was perhaps not so familiar as he had been a year ago 
with those matters, it seemed very simple to look at the charts which had 
_ been given, and he did not agree with Mr Maycock that they were compli- 
cated ; they seemed to be extraordinarily simple, but whether they were 
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Railways, and the Paper and discussion should be of value not only in 
Great Britain but overseas ; there were people abroad who still looked to 
the mother country for a lead in such matters. 

Mr J. Taylor Thompson said that the subject of the Paper had 
occupied the attention of railway engineers the world over for very many 
years. In Great Britain it had become of special interest in about the year 
1935, when high-speed trains had started to run on both the East Coast 
and the West Coast main lines. A speed of 126 miles per hour had been 
achieved, and it had been obvious that very high speeds were going to be 
attained in normal running. The result of that was that the range of 
speeds increased enormously, from the slow freight train at perhaps 25 to 
35 miles per hour up to approximately 100 miles per hour. The range to 
be catered for in curves and cant became, therefore, a matter of very great 
consequence. Incidentally, that showed the importance of reducing the 
range of speed on railways, in order to increase the capacity of the lines as 
well as to simplify the position from the point of view of the civil engineer, 
with regard both to maintenance and to the question of speed on curves. 

The problem as it had appeared in 1935, and had been discussed at very 
many meetings at about that time, had been that of cant deficiency ; that 
became the crux of all the discussions. The point was that it was not 
practicable to cant a curve for the highest speeds attainable, especially in 
view of the low speeds of some of the traffic, which would result in a very 
high weight on the low rail if the track was canted for the highest speed. 
The problem, therefore, was how much higher could the maximum speed 
be than the speed for which the cant was provided. 

In 1938 he had become particularly interested in the subject, and had 
written a Paper which was mentioned by the present Authors. In con- 
nexion with that, he had arranged some tests, though they had not been 
nearly so elaborate as those described by the Authors. Mr Graff-Baker, 
of the underground railways, had arranged to carry out some tests on 
underground stock, because it had appeared that a passenger sitting on a 
longitudinal seat in an underground train subject to braking was subjected 
to much the same sensation as a passenger on a train going round a curve, 
having that feeling inside him which created discomfort, and comfort was 
really the crux of the matter ; comfort was under discussion, not safety. 

Mr Taylor Thompson therefore had had those tests made on the 
underground railways, which corresponded very much with what was said _ 
in the present Paper. In addition, he happened to know a bridge structural 
contractor who, as a side-line, ran a merry-go-round at a holiday resort, 
and he had found out from him how fast it was possible to swing people 
round before they felt a similar sensation. Putting those two rather 
elementary tests together, the track tests and the merry-go-round, Mr 
Taylor Thompson had arrived at a cant deficiency of 43 inches. He had 
therefore been very interested to see that the results of the much more 
elaborate tests made by the present Authors had finally produced, with a 
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_ fair margin of safety, a cant deficiency of 34 inches. He could easily 
~ accept that lower figure. 


As soon as nationalization of the railways had taken place, the problem 
had arisen, of course, of providing a common standard for the railways. 
He had happened at the time to be Chairman of the Track Committee, to 
which the subject had been remitted, so that he had a particular interest in 


_ the Paper, and he had been one of the people who had taken part in the 
- sensation tests. 


It had been of great interest to him to see in the Paper for the first time 
—he had handed over the Track Committee to Mr Everard before the work 


- was over—that the sensations recorded could be plotted on not too bad a 


straight-line curve. It was extremely difficult to record a sensation which 
lasted only for a very short time—1l or 14 second—and where it was 
necessary to determine as between 0 and 6 what the particular sensation 
was, in that very small space of time. However, it should be said that the 
tests had provided a very good foundation indeed, and so far as he knew the 
Paper contained the results of the most elaborate research into the subject 


_ which had been published anywhere in the world. As Chairman of the 


Committee which had arranged the tests, he expressed his own special 


thanks to both Authors. -He agreed with the Chairman that the Paper, 


and especially the graphs, would be found to be of use all over the world, 

_ and particularly in the Colonies and on other railways of full gauge, where 
no doubt the results would be used as a standard. 

Mr Keith Brinsmead said that the trials were of particular interest, 

because they were the first in which emphasis had been put on comfort. 

In the past, people had always worried whether it was safe, either for 


_ the train or for the track to go at a certain speed, but the tests had proved - 
- quite definitely that the discomfort of passengers came into play first. 


He thought that there had been a great deal of confusion about cant 


deficiency. People were inclined—he had been himself—to feel that it was 


eating into the margin of safety, rather like overloading a bridge; but a 


_ train could go off the line only for three reasons. It could overturn, which 


was a phenomenal feat ; it could climb over the high rail on a curve; or 


the track could give way. It could climb over the high rail on a curve 


~ only when the vertical load on the outer rail was too low to resist the 


 Jateral thrust, and therefore a little cant deficiency, given good track, 


actually contributed to safety. That was something which he had only 


_ gradually realized. 


To decide what was comfortable was an exceedingly difficult thing to 
do. The personal feelings of the individual came into it. All those taking 
part in the trials had said, in the course of conversation, “‘ I bet so-and-so 

_ will mark one sensation higher than we do,”’ and he had done so. It went 


~ to. show that it was possible to get considerable variations in trying to” 


decide what was and what was not a reasonable speed at which to go. In 
Mr Loach’s part of the Paper it was very clear from Figs 6 and 7 that 
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sensation 5 was obtained at something more than 7 inches cant deficiency 
on a well-aligned curve, and the same sensation at just over 4 inches on an 
irregular curve. 

The final reduced figures used were, Mr Brinsmead thought, very 
logical. They allowed for all the imperfections which must creep in and 
particularly for the risk on, say, class ““C” and class “‘ D” lines, where 
second-hand materials were used. He could well remember that durin, 
the trials, on a curve which had, he thought, the worst cant deficiency, he 
had not been worried about stability but had said to himself ‘‘ Those poor 
fastenings!’ He had been able to think of what was happening to 
the track, but had not been at all worried about the performance of the 
train. 

On p. 518, Mr Loach had referred to the fact that a quickly applied and 
released lurch did not worry people; the sensations were marked lower _ 
than would otherwise have been the case. People might be annoyed by a 
sudden jolt but would not be alarmed by it if, by the time that they came 
to think about it, the jolt had gone. They did become annoyed, however, 
and that was a problem which particularly applied in the case of switch- 
and-crossing work. On the lines of London Transport in particular that 
problem existed with old tracks, designed a long time ago, with far sharper 
turnouts than was desirable, and, what was worse, when people were 
standing at one end of a coach, over a bogie. 

He would quote the results of a slight modification to a junction. On 
the District Railway, running eastwards, just before Whitechapel there 
was a very sharp bend to the left, and then to the right again. The old — 
original line which ran through to the East London Railway was no longer 
in use, and, owing to tunnel limitations, there was a situation where they 
had to get 350 trains a day on each track over “‘ B”’ switches and 1 in 8 
turnouts. Until 10 years ago those switches had been perfectly normal 
undercut “ B ” switches, which meant that the train suddenly hit a 1 in 32 
angle, which became a serious matter not only for the passengers but also 
for the wear and tear of the track. The switches at that junction had 
required renewal approximately once every 12 months. In 1942 there 
had been substituted some straight-cut curved switches, still “ B ” switches, 
but made 4 feet longer, and instead of being straight they were given a 
radius leading round almost parallel with the running rail. The result of 
that reduced the angle at which the wheel actually hit the switch-rail to 
about 1 in 76, and 3 weeks ago the third set of switches to be put in in 10 
years had been installed. It would be seen, therefore, that a lot could be 
done to get rid of small imperfections. 

Mr H. C. Orchard observed that the Paper was of particular interest 
to him because he had been a member of the Track Committee at the time 
that the tests had been carried out in North Wales. He agreed with all 
that Mr Taylor Thompson had said about those tests, but had had to leave 
the Committee before its deliberations on the subject had been completed. 
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_ In the main he was in agreement with the conclusions reached by the 
' Committee. 


He thought Mr Loach’s part of the Paper showed very clearly the 
difficulty of the subject, based as it was very largely on sensations rather 
than mathematics. He thought that if it had been only a question of 
mathematics, Mr Loach would have found a solution in that direction. 
The five factors to be established were shown on p. 505. The first, 


_ the maximum permissible cant, was largely a matter of judgement—he 


said “ largely ” because of cants greater than 6 inches in other parts of the 
world. The second, third, and fourth were based on personal sensations, 
and only the last, the steepest permissible cant gradient, would appear to 
be capable of being checked by physical methods. 

With regard to the variable cant deficiency, as a member of the former 
L.N.E.R. staff Mr Orchard was familiar with its application, but he still 
had some doubt about whether there should be a different maximum 
deficiency for classes “‘ A’ and “ B” lines on the one hand and classes 
“Q” and “D” lines on the other. Apart from the complication which 
that involved, in the recently-published rules for speeds of trains on curves 
the differences in the calculated speeds were comparatively small. On 
60-chain curves, for instance, where the actual cants were 1 inch, 2 inches, 
3 inches, and 4 inches, the differences in the maximum permissible speeds 
in the higher ranges were 84, 74, 62, and 6} miles per hour respectively. 
It could be argued that by reason of the heavier manning and conse- 
quent higher standard of maintenance and the better material on the “ A” 
and ‘“‘B” lines they were more capable of withstanding additional side 
thrust, but he would suggest that renewals on those “ A” and “ B ” lines, 


_ when they became due, were often as much attributable to the condition 


} 


of timber and fastenings just as to that of the rails, and therefore they 


did form a weak link in the chain of the track. 

A farther point in that connexion was that there was at least one class 
“ A” line on British Railways which was so tortuous in its route that it was 
a matter of some difficulty to introduce transitions of desirable length 


- between reverse curves. A maximum cant deficiency of 2} inches for all 
- classes of line would help in that respect where existing cants were small. 


It was a pity that the minimum cant gradient had. been fixed at 1 in 
300 and not related to rail length. It was much easier for gangers to 
remember terms such as 2 inches or 1 inch in a rail length than to remember 
something like 1 in 25, which was a figure which was strange to them. 
From that point of view 1 in 360 might have been a better figure. It was 
appreciated that where that steepest cant gradient was called for, the 
curve would be monumented, but if the monuments should be displaced 
the gangers must be relied on to maintain the correct cants until the 
monuments could be replaced. 

Why had it been decided to make the desirable length of a transition 
14 times the permissible minimum length? By inference the Paper 


"i 


y wt 
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emphasized the importance of a high standard of maintenance on transition 
curves which, because of the site limitations, were shorter than the desirable — 
length. That might well constitute an additional factor for assessing man- 
power on lengths where there were many such curves and where the 
formation was poor. 

Mr L. G. B. Rock who remarked that he also had been a member of 
the Track Committee, and consequently had nothing to criticize in the 
Paper, observed that on p. 505 Mr Loach had given the factors which had 
been taken into consideration in selecting the maximum permissible cant, 
and referred to the case of a van having been overturned by a gale. Mr 
Rock had recently referred to a Paper 1 presented to the Institution which 
dealt with the same subject and whose Author had deduced that it was un- 
wise to specify a maximum cant of more than 4 inches, in view of the fact 
that an unloaded stationary covered van of a type common at that time, 
27 feet long and of 94 tons tare weight, could be overturned by a wind force 
of 20 Ib. per square foot. That wind force, according to the only formula 
which Mr Rock had been able to find, was equivalent to a gale of 63-6 miles 
per hour. He had been sufficiently interested to see what the effect would 
have been if the track had been level, and had found that it would have 
required a wind velocity of 68-7 miles per hour, so that the difference 
between the speed of the gale required to blow the wagon over on level 
track and on track with 4 inches of cant seemed to be very slight. In fact, 
with a 6-inch cant, which was recommended by the Track Committee as 
the maximum, the velocity to overturn the same vehicle would be 61-5 
miles per hour. He submitted that the difference in those velocities was 
of little consequence compared with the advantage to be gained in per- 
mitting the extra 2 inches of cant, or, of course, of cant deficiency if the 
vehicle was moving round the curve and the wind was blowing towards the 
outside of the curve. 

He commented on the remarkable agreement on the part of | the 
thirteen “ guinea-pigs ”’ on each of the sensations recorded in turn. They 
had not all estimated the same sensation number, but the range on the 
whole, as Mr Loach would probably confirm, had been remarkably low. | 
It was significant that although some of those who had taken part had a 
slightly more critical assessment of comfort than others, nevertheless the 
difference in sensation numbers on successive curves, as recorded by the 
various observers, was very consistent. 

The fact that they considered on the average that a degree of dis- 
comfort began with 7 inches of cant deficiency had struck him on reflexion 
as being remarkable, in view of the fact that when going round an ordinary 
sharp curve on an uncanted road in a motor car, or going round a round- 
about, at a speed of, say, 25 miles per hour, it was not unusual to attain a 
cant deficiency of 18 inches to 2 feet, and yet no particular discomfort was 
felt. It seemed to him that in a railway train people were influenced to 


* J. W. Spiller, “‘ High Speed on Railway Curves.” Min. Proc. Instn Civ. Engrs, 
vol. CLXXVI, pp. 83-84 (Jan. 1909). mn 
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some extent in their assessment of comfort by what they had come to 
associate with travelling by train, as opposed to travelling in a car. 
Whether the height of the passenger above the surface on which the 
vehicle ran contributed to that difference he would not like to say, but it 
had struck him as being an interesting feature. 

On pp. 534 and 535 Mr Maycock described the selection of the virtual 
transition. Mr Brinsmead had mentioned the effect on passengers standing 


_ over the bogie at the end of a coach. The point should not be overlooked 


that the fortunate passenger in the centre of the coach travelled over a path 


which was that of the virtual transition, but the passenger over the bogie 


was subjected to an instantaneous application or relief of radial acceleration 
as the bogie passed over the tangent point. In switch-and-crossing work, 
even with a curved-blade switch where there was still a slight angle of 
divergence, a passenger either in the centre of the coach or over the bogie 
experienced an instantaneous change, but that was of little if any more 
significance than the other disturbances to which Mr Loach had very 


- rightly drawn attention—the impact of wheel flanges against check rails, 
_ passing over crossing gaps and soon. For that reason Mr Rock supported 


the contention that it was wise to exercise a slightly tighter control over 


cant deficiency in switches and crossings, than in plain track on classes 
“A” and “ B” lines. 

Lieut.-Col. G. R. S. Wilson thought that the Paper and all that it dealt 
with represented true progress. Instead of the varying and perhaps 
unco-ordinated methods of the past a thorough study of the problem had 
been made, with the experience of all the former Companies behind it ; 
and the results had now been codified in the rules and instructions which, 
he understood, were being issued by the Railway Executive. Not only 


had very careful mathematical theory been used, but also practical con- 


siderations had been taken into account, including the human factor. 


‘The agreement on sensations, as plotted on the graphs, seemed to be extra- 


ordinary, considering the different reactions of different people. 
Colonel Wilson remembered the work which had been done on the 
problems presented by the high-speed trains which had been introduced in 


1935 on the East Coast main route. He had travelled on one of the first 


- test runs, and he remembered that right up to the outbreak of war, no 
doubt because of the attention and research given to the track, there had 
_ been a steady improvement in the running of those high-speed trains. The 


maximum speed permitted in actual service had been, he believed, 90 miles 


_ per hour, but he thought that they used to go quite a lot faster sometimes. 


‘He remembered going round the Hatfield curves often enough in his 
journeys to the North. The speed used to rise to approximately 90 miles 
an hour with those light high-speed trains, and he would have described 
the sensation experienced as a certain feeling of insecurity, but he used to 


console himself with the thought that the outside wheels were thereby 


being pressed more firmly on the rail all the time. 
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On looking through some ofthe Ministry’s reports on main-line derail- 
ments, he had noticed that at*Hatfield there was 23 inches of cant on a 
76-chain curve. On the other hand, at Polesworth on the L.M.S. Trent 
Valley line, on a 76-chain curve there was 4} inches of cant. Both were 
high-speed routes. Presumably that represented the difference in practice 
which prevailed among the former Companies. 

The question of maintenance was necessarily dealt with lightly in the 
Paper, by reference to “normal deterioration,” “ imperfections,” and 
“ discrepancies,” but he would like to relate that to a point which Mr 
Brinsmead had made, or perhaps it would be more correct to say to a point 
which Mr Brinsmead had not made. Mr Brinsmead had said that one 
cause of derailment was overturning. It was well known that there had 
been few cases of overturning in the past ; Colonel Wilson could recollect 
only three, namely, those at Salisbury, Shrewsbury, and possibly Canal 
Junction, Carlisle, in 1930. Another cause which had been mentioned was 
the climbing of the flange over the high outer rail of the curve. In several 
cases which it had been the duty of Inspecting Officers to investigate, 
derailment had occurred to the inside of the curve. There was nothing 
extraordinary about that. There were the dynamic effects of rolling and 
lurching, together with the side-to-side movements of a long-wheelbase 
engine, and the consequent relief of weight on one of the wheels on the 
inside. That seemed to him to be very much related to cant deficiency, 
and he would also suggest that there was a relationship between cant 
deficiency and standard of maintenance. 

A cant deficiency of 34 inches for “ A ”’ and “‘ B ” lines, and of 24 inches 
for ‘‘C” and “ D” lines, was the maximum permissible. The greater the 
cant deficiency, the more important was the maintenance of the regularity 
of the cant, because in any case, during steady running on a curve with a 
cant deficiency, it was axiomatic that there was some degree of relief of the 
designed weight on the inside locomotive wheels. That was inherent, and 
if it were increased by lurching and rolling, and by dynamic effects and 
irregularity of cant, the higher the designed deficiency at any given speed 
the greater was the proportional relief of weight on the inside of the curve. 

Track maintenance was not susceptible to the same standards of 
accuracy as mechanical engineering, since natural materials were involved. 
As a supplement or sequel to the present Paper, might it not be very useful 
to draw up something in the way of tolerable standards, by classes of line 
and types of curve, for irregularity or permissible variation from perfection ? 
He suggested that such standards would no doubt be very difficult to get 
down to because they were not so susceptible to scientific treatment as 
present design standards, but how far was it possible to go with safety ? 
What could a permanent way inspector tolerate? What could a ganger 
ace ¢ What could be tolerated before it was necessary to restrict the 
speed ? . 

He had been looking up what the maximum cant gradients in a few 


IN RAILWAY CURVE DESIGN 549 


cases of derailment had been, and what was the actual worst cant gradient 
found. (He was not now referring to the Weedon accident, with which he 
had been concerned recently, because that had not been a track case at all 
but had had an entirely different cause.) He had found that the cant 
gradients ranged from 1 in 300 at the worst to 1 in 1,080. There were, 
however, reversals of cant in some cases, high-low-high-low in wave form, 
which had set up rolling and lurching and had led to derailment to the 
inside of the curve. He hoped that consideration would be given to a sequel 
to the present very valuable Paper on the lines he had suggested. 

Mr A. I. Emerson commented on the practical application of the 
code of practice which the Authors had suggested. His remarks were 
based upon experience with a similar code of practice which had been 
introduced on the L.N.E.R. a few years prior to nationalization. 

From the point of view of the designer the code of practice given in the 
Paper was very helpful, because it almost reduced the determination of 


_ maximum permissible speeds on curves to a simple arithmetical calculation 


admitting of one solution only, and even that work had been almost 
eliminated by means of the graphs which Mr Maycock had shown. Mr 
Emerson said ‘“ almost ”’ because the code did not directly indicate the 
amount of cant which should be used in the calculation ; the designer was 
left with the task of assessing the actual amount of the cant after giving 
consideration to the particulars which were set out on p. 530, namely 
the speed limit, the speed restrictions, the gradients, and the nature of 
the traffic. It was therefore essential that those factors should be fully 
considered, and, as Mr Maycock had pointed out on p. 540, that was best 
done by making a review of conditions on the route, as opposed to individual 


- consideration being given to each curve. 


Mr Emerson stated that a speed-distance chart was an essential pre- 
liminary to making any such review and showed a slide of a chart having 
three speed lines for each track : 


1. The speed limit and speed restriction line ; 
_ 2. The speed of an ordinary express train (obtained during a Hallade 
record run) ; 


8 The record for a high-speed train (representing the maximum 


requirements of the Operating Department in the near future). 


“The other information given on that simple form of speed/distance 
chart had been limited to the magnitude and direction of curvature, 
: gradients, and mileages. The designer might, however, require a chart to 
a larger scale, so that further details of curvature could be added, together 
with a line diagram of the permanent way layout. Ifit were to be used by 
those responsible for the timing of trains, dimensions would be added 


 yelating the speed limit and speed restriction line to the timing points, 
such as signal boxes. , 


‘ 
if , 


The code of practice could be applied to curves whether they had been 
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re-aligned or not. In the latter case the designer had to carry out addi- 
tional work before the factors governing cant could be properly assessed and ! 
the code of practice applied. Mr Loach had distinguished between curves — 

which had been re-aligned by the Hallade method and those which had not. 

On routes which had been re-aligned, a suitable speed/distance diagram 
might already be available ; but, owing to the work having been spread — 
over some time and carried out by different individuals, it was possible that 
uniform treatment might not have been given to the very important govern- 
ing cant. Overall consideration of those factors for the route, and especi- 
ally of the estimated speed limit, would enable the code of practice to be — 
applied to determine the maximum permissible speed on each curve on a — 
consistent basis. 

On routes which had not been re-aligned, a reliable speed/distance chart 
would not be available, and before the code of practice could be applied the 
designer had to carry out additional work on the ground in taking par- 
ticulars of the curves. He had then to regularize the existing versines and 
cants which he had obtained and to use his judgement in distinguishing 
between irregularities due to faulty maintenance and those which could 
be put right only by major or minor re-alignment schemes. The extent to 
which re-alignment was required to avoid an excessive number of speed 
restrictions could be decided only after considering the route as a whole ; 
again, if a speed/distance chart were prepared, the work was greatly facili- 
tated, and the code of practice could be properly applied even to curves 
which had not been previously re-aligned. 

Engineers responsible for fixing maximum permissible speeds would be 
very interested in the tests which the Track Committee had carried out in 
order to assist them in determining the limiting values for deficiency of 
cant, and for the ratio of change of cant and of deficiency and so forth. 
Mr Emerson showed some slides illustrating actual running at higher 
speeds (about 60 miles per hour) than those for which the Track Committee 
had recorded their sensations (40-45 miles per hour). The curves were 
32-chain reverse curves on an important main line carrying express trains. 

One slide showed the versines and the cants which had actually been 
applied to the track in accordance with the code of practice formerly used 
by the L.N.E.R, The maximum permissible speed according to that code 
of practice was 60 miles per hour, and the limiting factors were the rate of 
change of cant deficiency and the rate of change of cant, both of which 
were at their limiting value of 14 inch per second. The slide also showed 
the cant which would be applied according to the code of practice suggested 
by the Authors. The maximum permissible speed had been increased to 
65 miles per hour, and the limiting factor was the deficiency of cant on the 
circular part of the curve, which was then 2 inches. The rate of change 
of cant was slightly below its limiting value at 65 miles per hour; it was 
only 2% inches instead of 2} inches per second. The versine-cant diagram 
displayed by Mr Emerson illustrated the differences between the Authors’ 
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code and the former L.N.E.R. code, which had been rather more con- 
servative. 

Mr Emerson showed a reproduction of an actual Hallade record at an 
average speed of about 68 miles per hour on the same curves. The 
deficiency was 2 inch (or 40 per cent) more than that recommended by the 

_ Authors, and on the transition the rate of change of cant was 24 inches per 
second, which was the Authors’ limiting value. In spite of that and of the 
high speed, the Hallade record showed the riding to be reasonably good 
both on the circular part of the curve and on the transition. However, a 
regular traveller travelling at 68 miles per hour would probably experience ' 

‘sensations of a somewhat different nature from those felt by the Track 
Committee during their tests, which had been made at a rather lower speed. 
Sensations were difficult to describe, but it might perhaps be said that the 
traveller would “ anticipate ”’ discomfort. When crossing work had been 
reached further round the curve rather bad riding had occurred, and was 
probably due to the lateral forces caused by the check rails. 

Mr Emerson appreciated that that one example did not do much to 
support the conclusions arrived at by the Authors for fixing the limiting 
values for cant deficiency and so on, but he thought that many more cases 
could be shown which would help to justify the code of practice which they 
had suggested. It would perhaps be interesting to see whether on flatter 

curves with a lower cant a higher deficiency could be permitted, because, 

as Mr Taylor Thompson had said, before the war, high-speed trains had 
been running on flat curves (which had been, of course, very well main- 
tained) at much higher deficiences and at speeds of over 100 miles per hour. 
| Mr W. E. Gelson observed that the provision of sufficient cant to meet 

_ the requirements of comfort was not always enough to ensure a satisfactory 

safety margin at high speeds, particularly when the driver had somewhat 

_ under-estimated the speed. That had been appreciated by Mr Loach, as 

_ was shown by the remarks on pp. 514 and 515. That aspect required 
reference to experiments on the riding of locomotives,.a large number 

of which had been made during the past 20 years in various countries. 
Those experiments had shown that a given value of cant deficiency 
at speeds below 45 miles per hour, on broad and standard gauge, had 

a far less disturbing effect on the track than it had at the higher speeds. 

_ It would therefore appear that the amount of cant deficiency provided 

should. be closely related to normal maximum speed. — 

There had in the past been more derailments on curves due to lateral 
thrust than to overturning under the action of centrifugal force. On p. 531 
_ Mr Maycock had stated that it was not always necessary or desirable to use 
_ the maximum allowable cant deficiency, in order to facilitate track main- 
tenance. That was extremely sound policy. There were doubtless not a 
few main line curves where greater speeds would be practicable if a cant 
‘ greater than 6 inches could be provided. In cases where the speed of the 
_ slowest train was sufficiently high, Mr Gelson suggested that some increase 


a 
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above 6 inches could be given, provided tapered sleepers were used, 
possibly in conjunction with a special sub-frame, in order to ensure stability H 
of the under-ballast. 

Mr K.H. Tredinnick said that on p. 537 Mr Maycock had referred to the 
speed of trains through turnouts, and on p. 536 had given a formula for rela- 
ting the speed at the tangent point of a curve where there was no transition. 
Mr Maycock had made some mention of his reason for the higher speeds — 
allowed through turnouts, but Mr Tredinnick was not clear about that and 
would like some amplification. He thought that if the speed round @ curve — 
was restricted on account of lack of transition in plain line, there should be 
a greater restriction provided through a turnout, where there were more 
difficulties, particularly in divergence of switch. 

Mr Loach had referred on p. 519 of the Paper to the P/W ratio. Mr Tre- 
dinnick was not clear whether the minimum cant gradient of 1 in 300 which 
was referred to had been arrived at as a result of considering the twisting 
force due to the actual cant run-out on which Mr Loach superimposed a 
1 in 300 theoretical cant deficiency run-out. It was thought that the P/W 
ratio due to the twist of the actual cant run-out would increase considerably — 
when coupled with an unequal wheel loading due to cant deficiency. 

Mr Rock, Mr Loach, and Mr Taylor Thompson had said that there was 
very little harm in cant deficiency, and that the experience of a person — 
travelling in a train would be one of no discomfort even up to a figure of 
possibly 4 inches on a fairly badly-aligned curve. If that were the case, 
and if the recommendation of 34 inches mentioned by Mr Loach were based 
only on stress considerations, particularly on fastenings, Mr Tredinnick 
would disagree with the Table and with the recommendations made by 
the Authors that cant deficiency should vary with actual cant, which — 
was referred to in Table 5, p. 527. He thought that in considering cant — 
deficiency it was useful to get back to first principles on the subject. 

Cant deficiency was no more than a convenient name, in the absence of 
a better one, for an unbalanced centrifugal force which came into effect 
when travelling at a speed greater than the equilibrium speed. On any 
curve it was also possible to get an inwards force due to cant surplus ; in 
other words, an inwards force due to a slow-moving train. He thought 
that in the interests of track economy, and particularly in respect of fair 
wear and tear of track, it would be better to balance the outwards force due 
to the speed above the equilibrium speed with that of the inwards force due 
to the difference between the equilibrium speed and the speed of the slower 
train. The condition to allow those two forces of cant deficiency and cant 
surplus to be equal would be. . 

Vin? - Ve — Ve al Ve, 
where V, denoted the speed of the slower train, V,, the maximum speed in 
accordance with Mr Emerson’s timing-of-trains diagram, and V, the 


equilibrium speed. That could be developed further to give the following 
formulae : _— 
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E (actual cant) = a (Vin? + V;?) 


and D (deficiency of cant) = a (Vn? — V5"). 

Those were reasonably simple formulae and gave excellent practical results. 
Speed restrictions could be defined by the maximum of F = 6 inches or 
D = 34 inches, whichever was reached first. 

The Authors had dealt at great length with various theoretical con- 
siderations in arriving at a 34 inches cant deficiency and so on, and stated 
that they had also experienced all sorts of sensations on the Bettws-y- 
Coed line ; then on p. 526 of the Paper they suddenly adopted an empirical 
formula which appeared to be without proof, and which made cant defici- 
‘ency a function of actual cant. So far as Mr Tredinnick was able to inter- 
pret their Paper, their excuse for that was that maintenance problems 
demanded a varying cant deficiency, and they inferred that those mainten- 
ance considerations applied only to the fastest trains. On p. 531 Mr May- 
cock had, in point of fact, stated that on lines where freight traffic was 
considerable a maximum speed restriction could be imposed on the faster 

trains. That in itself appeared to be a confession that the effects on track 
from the point of view of maintenance were as much attributable to the 


__ slow-moving traffic as to the fastest traffic. Mr Tredinnick was of opinion 


that a slow-moving train on a heavily canted road probably had more ill- _ 
_ effects than a fast train, as it bumped and bored its way along contributing 
to gauge-widening and many other evils, all of which defects reacted on the 
comfortable running of the fast trains. In his opinion, therefore, it would 
have been better either to have adopted a formula such as he had indicated, 
which catered to some degree for the ill-effects of both the slow and the 
fast train, and was economical from a rail wear and maintenance point of 
_ view, or to have confined the recommendations to those contained in Table 4, 
and to have left the rest to the engineers on the site, who knew all about 
- local site conditions and the ranges of traffic to be dealt with, and who could 
be trusted to get the maximum out of the job from the point of view of 
_ track strength, track life, speed, and good time-keeping. 
Table 5 allowed for reduced deficiency at the higher actual cants, and 
as such would not fully cater for the slower train, but tended to have the 
effect. of causing increased maintenance problems and track wear, in 


* 


addition to being a restrictive practice which would tend to reduce speeds. 


With regard to the “C” and “D” lines, those were covered in any 

_ case by an overall speed restriction, and it was usual to find on that class 
of line a greater proportion of slow-moving traffic. He thought that the 
fact that the Authors had further restricted permissible cant deficiency at _ 
the higher ranges of cant in that case would worsen the situation and 


_ increase wear and maintenance problems due to slow trains. He considered 
that it was a pity that a stop had not been made at the recommendations 


7. 
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in Table 4, leaving all questions going beyond that to the engineers re-— 
sponsible for the work, who could choose the actual cant and cant deficiency | 
within the maximum limits laid down to suit local conditions. 

* * Mr G. D. 8. Alley remarked that Mr Loach would be interested to 
know that comfort was considered by the L. & N.W. Railway when 
deciding on the allowable deficiency of cant. It had been found that to 
travel at 20 miles per hour round a curve of 10 chains radius without any 
superelevation did not produce any undue feeling of discomfort, and was 
perfectly safe. The figure of 2§ inches was therefore used as a maximum 
allowable deficiency of cant on that Railway, and for some years after the ~ 
formation of the L.M.S. on quite a large area of the latter. 

With regard to Mr Loach’s comments on the difficulty of maintaining 
track with more than 4 or 44 inches of cant, Mr Alley differed and stated — 
that surely that depended solely on the traffic and the speed of such traffic — 
on the track in question. For example, with a 50-chain-radius curve and 
practically all the traffic passing at speeds between 65 and 75 miles per _ 
hour, there should be less difficulty in maintaining good top and line with — 
6 inches of cant than there would be in maintaining straight track—_ 
formation, ballast conditions, etc., being comparable. On the other hand, 
should there be a large amount of traffic at speeds of 40 to 50 miles per 
hour with only one or two trains at speeds of 60 to 70 miles per hour, it — 
would be difficult to maintain a cant of 6 inches, and such a cant should 
not be used in that case. 

Mr Alley noted from Fig. 16 that three half-chord points were shown on — 
the transition together with the half-chord points at each end. On Fig 17, _ 
however, only two half-chord points on the transition were shown, and it 
was considered that the necessity of a minimum of five half-chord points 
per transition, including those at each end, should be stressed to ensure 
accurate setting-out and ease of maintenance. 

A minimum length of transition was again quoted on p. 535, whilst a 
desirable transition of only 89 feet was shown on Fig. 17. That, pre- 
sumably, was to justify a cant deficiency, but surely each case required 
consideration on its merits within the limits laid down. If on a compound 
curve it was considered good practice to provide the cant for equilibrium 
speed on one part, why suggest to a designer that he should provide less 
than that required for equilibrium speed elsewhere on the same curve, un- 
less the site conditions were such as to make that necessary or the cant 
required for such speed was more than the limit of 6 inches laid down 
previously ? 

Mr D. H. Coombs observed that there had apparently for some time 
been fair agreement in Europe that the maximum value of cant, expressed 


F cant ’ 
as a tangent in the form osliad should be between 0-08 (German railways) 


*,* This and the following contributions were submitted in reciting: stack I.C.E. 
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and 0-1066 (French railways), with exceptionally the P.L.M. system using 
0-131. Most European railways appeared to favour a maximum cant 
equivalent to 74 gauge, where gauge was the gauge between rail axes. 

On 4-foot-84-inch -++ 23-inch gauge, 6 inches was equivalent to tan! 
0-101. The decision for 6-inches maximum cant could therefore reasonably 
be regarded as in line with general European practice. 

There seemed to be a fair measure of opinion on the Continent that 335 
inches of cant deficiency, or about 1-9 feet per second per second un- 
balanced centripetal acceleration, was reasonable, but that deficiencies 
greatly in excess of that might be dangerous, though the Italian railways 
used up to 3-285 feet per second per second, or about 6 inches of cant 
deficiency. From the passenger tolerance point of view the experiments 
appeared to show that 4 feet per second per second (which was equivalent 
to 7} inches cant deficiency) was a reasonable imposition as such, but that 
owing to line imperfections it was wiser to limit it to rather less than half 
of that value. The decision for 34 inches of maximum cant deficiency 


could therefore be described as orthodox. 


Referring to Figs 2, Plate 1, the portion of the 40-miles-per-hour 
Askania trace relating to the entry transition of Curve No. 5 showed a 


- maximum unbalanced radial acceleration of about 34 feet per second per 


second. But considering the first differential of that trace, that was, the 


rate of increase of unbalanced radial acceleration, it appeared that in the 


transition to curve No. 5 a rate of increase of about 6 feet per second per 
second in a second (equivalent to about 11 inches gain of cant deficiency 


_ in a second) was registered during the actual achievement of about 3} feet 
_ per second per second. Here it would clearly be the Pt = mft aspect which 


would give discomfort rather than the P = mf evaluation. Furthermore, 


~ since the total journey-time through that transition was about 2 seconds, 
_ it would, Mr Coombs thought, be quite impossible for the observers to 
- distinguish the impulsive aspect from the growth of cant deficiency as such. 


The same sort of complication masked subjective evaluation of the constant 
unbalanced radial acceleration over circular curve No. 5, and to a somewhat 


lesser extent on circular curves Nos 3 and 4. 


Tt followed that before cant deficiency itself could be measured sub- 


" jectively, a very long curve in a very high state of curve regularity was 


necessary, otherwise the observers could not hope to distinguish between 


_ the effects of cant deficiency and those of line deficiency. 


From what had been said previously it would appear that the possibility 
of subjectively measuring a quantity compounded of tilting, a gradual 


- jnerease of cant deficiency, and irregularities of line, was not very great 


3 
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unless the transition was long and regular, with an easy cant gradient. 
The failure of correlation of the sensation numbers with measured cant 
deficiencies in the second range of transition curves was not surprising. 
The wonder was that the array of sensation numbers relating to curves 
Nos a to 14 was as statistically as significant as it was ; though if the gains 


¢ 
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and losses had not been averaged, as he assumed they had been, the scatter 
would have been more random even with the Nos 1 to 14 series. 

The maximum rate of loss or gain of 2} inches per second adopted 
therefore appeared to be slightly conservative in the light of the relevant 
observations, but was probably an adequate ceiling for most track designers. — 

The publication of the random scatters obtained on curves Nos 15-52 
was, he thought, to be appreciated as a gesture of scientific honesty. 

He remembered having, in the past, put cant on to a sharp curve at 
what he had then thought to be the maximum safe rate of 1} inch in — 
33 feet, or 1 inch in 26-5 feet. From his knowledge of the train speeds, as 
electrically recorded, he had known that the higher speed was 34 miles per _ 
hour, thus involving a gain of cant of nearly 2 inches per second. At that 
time he had regarded that as somewhat daring, because Mr Taylor Thomp- 
son, in his Paper! published in 1938, had suggested that whilst American 
Railroads adopted 1-22 to 1-5 inches per second, his own experiments had ~ 
shown that 1-7 inches was quite comfortable ; though he counselled that 
only that 1-5 inch could be adopted with safety. However, travelling 
over the 1 in 320 gradient at 34 miles per hour Mr Coombs had found that 
he could just feel the approximately 2-inches-per-second roll and that, he 
thought, was because he was conscious of its location. It was a piece of — 
track that he had subsequently travelled over frequently, but without 
thinking about it at the right moment he never noticed it. 

He was in doubt as to the expediency of using so steep a cant gradient 
as 1 in 300 at one sort of location, a sharp reverse curve without any — 
intervening straight, not with regard to wagons but with regard to loco- 
motives with more than two coupled wheels, and with travelling cranes 
with two or more fixed axles. With those vehicles there might be a danger 
that the rigid wheelbase and very stiff springing, in combination with 
conterminous 1 in 300 gradients, and defects in track maintenance, might 
cause a shifting of weight, not from the inner wheels to the outer wheels, 
but from the inner axles to the outer axles when, if for one reason or 
another, the springs could not easily follow the contour of the rails; 
then there was a possibility of derailment following an acceleration or 
deceleration surge in the engine or train. 

That position could be made worse by the presence of a vertical curve 
_ which was concave upwards across the transitions. It followed that the 
definition of a radius minimum for vertical curves was a desirable comple- 
ment to the definition of a maximum cant gradient. . 

Mr A. W, T. Daniel observed that the proposed new limits for cant, 
cant gradient, and rate of gain of cant appeared to be logically developed 
from basic considerations and experimental observation, and were a great 
advance on the old-fashioned rule-of-thumb methods ; but certain questions 
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arose regarding cant deficiency. On p. 526 of the Paper formulae were 
given connecting D, the cant deficiency, with Z, the actual cant, which had 
the effect of giving D decreasing values for increasing values of H; the 
reason advanced for that, on p. 516, was the greater influence of track 
imperfections at the high speeds associated with the higher cants. But 
since it would seem more likely that the highest speeds would be developed 
on straights or slightly curved track, where the cant would be either zero 
or small, an equally valid case could be made out for increasing D as £ 
increased, instead of the reverse. 

A more logical solution would apparently be to decide on a constant 
value of D for all values of H on plain curves ; or else to adopt a method as 
suggested by Mr Tredinnick, which led to the equations : 

s 
2gr 
where Vv», and v, denoted the greatest and least speeds at which trains were 
expected to traverse the curve, all in foot-second units. Actually, since a 
train might be stopped on a curve, in the limit v, = 0 whence d = e, which 
showed the impossibility of allowing for all conditions, and it would prob- 
ably be simpler, and equally logical, to adopt a constant value of D for 
plain curves as he has just suggested. 
Turnouts presented a special problem, since at the switch points there 
was a sudden change of direction, usually associated with zero cant. 
According to pp.526 and 537 of the Paper that was to be dealt with by using 
the formula as for classes “C.”’ and “‘ D” lines, and taking # as the radius 
of the turnout curve. But the governing factor was the sideways impulse 
- get up at the switch points, which depended on the mass and velocity of the 
vehicle and the angle of the switch rail, and was independent of the subse- 
- quent switch and turnout radii. That could not be dealt with by canting 
the track in the usual manner, and to assume a radius equal to that of the 
turnout, even when it was less than the switch radius, was at best a 
sweeping approximation. A more logical procedure would appear to be 
to lay down maximum speeds for each type of switch rail, which would 
have to be determined by experiments conducted from the point of view 
_ of passenger comfort, 
The high degree of uncertainty governing the speeds at which turnouts 
could be entered was illustrated by the manner in which negative cant 
was dealt with. Taking the example on p. 537, if E =—1 inch, then D 
should be 22 inches according to the formula, but the value given of 
_ 24 inches could be obtained only by ignoring the sign of H and using the 
formula as if it were positive. The reasons for that procedure were not 
quite clear, and again it would appear to be equally logical to adopt 
- constant values of D as he had suggested. 
; A matter which did not seem to be mentioned in the Paper was that of 
. compensating curves. To suggest an example, considering a line having a 


1658 = (Um2 + 052) and d= (Um? — Vs?) 


u pt 
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ruling gradient of 1 in 200, if a curve had to be laid to that gradient and the — 
limiting value of 1 in 300 for cant gradient were applied to the outer rail, 
then that rail would have an actual gradient of 1 in 120, and the centre of 
gravity of the train would have to be lifted through the average gradient 
of 1 in 150. The Authors of the Paper had stated that each individual 
case should be considered on its merits, but it would be of interest to know 
if it was intended in the future to draw up a set of rules governing problems 
such as that just considered. 

Mr Loach, in reply, expressed his thanks for the kind reception 
given to the Paper, and thanked all those who had made constructive 
comments and criticisms. 

Several speakers had referred to the question of the different sensations, _ 
and to the possibility that the thirteen observers who had submitted 
themselves to the tests had recorded different sensation numbers. They 
had done so to a slight extent, but on the whole the agreement had been 
good. Two members had consistently recorded higher than the average, 
and two consistently lower, but eight or nine of the thirteen had usually 
recorded within 20 per cent of the average figure, taking the totals for each 
test. Even though there had been little difference in the sensations — 
described by two consecutive numbers, some of the observers had used 
half-numbers on occasions. It might be of interest to mention that No. 6 
had not often been used, except by one member ; even on the high-speed 
run most of the observers had recorded 4’s and 5’s, and so six numbers 
appeared to cover the required range of sensations quite satisfactorily. 

Lieut.-Col. Wilson had spoken about flange-climbing derailments. It 
was true that most derailments occurred as a result of flanges climbing — 
rails rather than from vehicles overturning, but Mr Loach thought the flange 
would only climb up the inside rail of the curve if the riding were very un- 
steady. Normally, the deficiency of cant would help to force the leading 
flange of the vehicle even harder against the outside rail than would be the 
case if the vehicle were running at equilibrium speed. At the same time, 
of course, more vertical weight was carried by the outer rail, that weight 
having been taken off the inner rail. 

The suggestion that permissible limits of irregularity should be deter- 
mined was very interesting. Most of the limitations mentioned in the 
Paper had been imposed as the result of sensations, so that the question of 
safety would arise only with considerably greater rates of gain or loss of 
cant and of cant deficiency than those which had been suggested in the 
Paper as limiting values to be used in design. The question of cant gradi- 
ent was a different one, and in that respect he was about to embark on 
some work on vehicles other than four-wheeled wagons to find out more 
about it. He hoped that he would still find there was an adequate 
margin of safety on a 1-in-300 gradient, and to establish that he was 
proposing to make tests on artificial cant gradients steeper than 1 in 300. 

Mr Tredinnick had raised the question of the P/W ratio for long four- 
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wheeled vehicles. The vehicles had been weighed, when placed on artificial 
cant gradients on a weighbridge, to find the redistribution of weights when 
unladen, and hence the P/W figures had been calculated. Admittedly, if 
there was very unequal loading, such as a diagonally placed load which 
radically redistributed the weights, the situation might be worse than the 
figures had suggested, but a load should not be permitted to run unless 
it was within reasonable limits of symmetry, and then it would not, Mr 
Loach suggested, alter the distribution of weights to such an extent as to 
make the position worse than when the vehicle was unladen. 
_ Mr Tredinnick also seemed to disagree with the idea of grading down the 
cant deficiencies. Mr Loach suggested that it was largely a question of 
maintenance. He had mentioned in the Paper what the Track Committee 
felt about the question of maintaining track which was steeply canted ; 
it was usually more difficult than with track which was not so steeply 
canted. If there were large cant deficiencies in addition, it was going 
to be areal problem. The whole situation had to be considered in the light 
of what could be done with a reasonable amount of man-power and with- 
out having to give undue attention to any particular portion of the line. 
Mr Alley’s description of how the maximum permissible cant deficiency 
had been settled on the former L. & N.W. Railway was interesting, but, 
apparently, very incomplete. Mr Loach suggested that if that figure had 
been settled so long ago, the Track Committee were fully justified in 
, - making trials with modern recording instruments. The result had given an 
increase of more than 50 per cent in the permitted maximum deficiency, 
and the increase was a boon at places where no cant could be allowed. 
Mr Loach agreed with Mr Alley that a curve with 6 inches of cant 
- would be no more difficult to maintain than any other if all trains were to 
run round it at equilibrium speed, but, for a specified speed, the more 
_ highly canted curves were of smaller radius and any deviation from the 
equilibrium speed gave a greater deficiency or excess of cant than would 
pe the case on a large-radius curve when the same deviation from equi- 
librium speed occurred. Mr Loach suggested that, in practice, there 
were relatively few curves with 6 inches of cant over which all trains ran 
- at speeds within 7 per cent of the equilibrium speed. (That 7 per cent was 
based upon Mr Alley’s figure of 65 to 75 miles per hour for a curve for which 
the equilibrium speed was 70 miles per hour.) 
Mr Coombs has referred to the Askania accelerometer records ; those 
: had, of course, included the rolling of the coach, which accounted for many 
of the small irregularities in the traces obtained. To cause such “ waves” 
in the trace little rolling of the coach was necessary—so little, in fact, that 
_ it would be barely perceptible to the passenger. For assessing the results 
_ they had been ignored, measurements having been obtained from the best 
straight line drawn through each portion of the trace. Mr Loach con- 
sidered that that course was quite justified because a passenger did not 
experience the same discomfort owing to rolling (which caused variations 
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from a mean line of the order of those under discussion) as that which he 
experienced owing to unbalanced centrifugal force. In much the same way 
a passenger barely sensed 2 inches excess of cant on a left-hand curve but 
he would be quite aware of 2 inches deficiency of cant on a right-hand curve, — 

although both conditions would give exactly the same record on an instru- — 
ment, 

Mr Coombs had doubted the advisability of using a 1-in-300 cant 
gradient at reverse curves without any intervening straight, but Mr Loach 
considered that so far as twist of the track was concerned the conditions 
at the point of reverse were the same as elsewhere on the cant gradients. 
Vertical curves and defects in track maintenance were undesirable any- 
where on steep cant gradients but no more so at the point of reverse than 
elsewhere. In fact, at speeds other than the equilibrium speed, the weight _ 
distribution at the point of reverse would be more nearly correct than 
elsewhere and the flanges would not be bearing hard against either rail. 
It should also be borne in mind that short lengths of straight between 
curves of opposite flexure often caused vehicles to roll more than if the © 
curves joined. 

Mr Maycock, who also replied, noted that Mr Orchard had ex- 
pressed doubt about the need for two different ranges of cant deficiency, 
one for Class “ A” and *‘ B” lines and another for Class ““C” and “D” 
lines, and had pointed out that the margin between the speeds allowed by 
the two rules was very small. Mr Maycock admitted that the difference of _ 
speed was not great, but considered that it was worth making a distinction 
in speed between the two groups of lines because of the slightly weaker 
track material used in “C” and ““D” lines and the generally lower 
standard of maintenance. 

Mr Orchard had suggested that the maximum cant gradient should be 
1 in 360 so as to be a multiple of the rail length, but Mr Maycock said he 
would prefer that the lower figure of 1 in 300 should be retained. It 
should be remembered that that gradient was laid down as a maximum 
and that easier gradients would generally be used. He saw no great ad- 
vantage in relating the gradient to the rail length, especially as rail lengths 
were not invariably uniform. The figure of 1 in 300 had been introduced 
as a result of tests made on the derailing tendency of long-wheel-based 
four-wheeled wagons, as explained by Mr Loach. Mr Maycock hoped that 
action would be taken to eliminate the worst of those wagons and that 
future designs of long four-wheeled wagons would be modified so as to 
reduce their tendency to derail on steep cant gradients. 

Lieut.-Col. Wilson had mentioned the wide difference of cant on two 
curves of the same radius, both being on high-speed lines. Mr Maycock 
considered that the application of the rules given in the Paper would tend 
to reduce such differences of practice, but, as he had pointed out, it was 
impossible to give a precise rule for the amount of cant to be provided. 
It was necessary to decide on the speed for which equilibrium cant was to 
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be provided, and that was a matter for judgement, taking into consideration 
the circumstances in each case. 

Mr Maycock attached importance to route-speed diagrams of the type 
shown by Mr Emerson. They gave a clear picture of the speed conditions 
over the whole route and were of great assistance when a series of curve 
adjustments were being dealt with. Since they showed actual recorded 
speeds, as well as maximum permissible speeds, they were sometimes useful 
in proving that higher speed limits were unnecessary, in order to shorten 
train timings, if full advantage were to be taken of the present maxi- 


» mum permitted speeds. 


> 


The curve realignment diagrams shown by Mr Emerson were based 
on principles used on the former L.& N.E. Railway, which were very similar 
to those presented in the Paper. The Hallade records taken on those 
curves showed that the application of those principles would give comfort- 
able running. 

Mr Maycock expressed interest in the formulae quoted by Mr Tredin- 
nick and would like to study their effect. 

In reply to Mr Alley’s comments, Mr Maycock observed that the actual 


~ number of half-chord points shown in Figs 16 to 18 had no precise signifi- 


cance; the number would vary according to the length of chord chosen 
and the length of the transition. He did not consider it necessary to adhere 


_ to a minimum of five such points where short transitions were used. The ex- 
ample illustrated in Fig. 17 (p.533) was intended to show how suitable values 


of cant, deficiency of cant, and length of transition might be obtained from 
the graphs, and how the cant and the deficiency of cant should change from 
one part of the curve to the other. Clearly, each case had to be considered 


on its merits and a suitable selection of values made. He did not consider 
it necessary in all cases to provide equilibrium cant on each part of a 


compound curve, nor was it always desirable to do so. If that had been 
done in the case illustrated a longer transition would have been required. 


In regard to Mr Daniel’s criticism of the graded cant deficiency, Mr May- 


cock pointed out that the greatest need for a high cant deficiency arose 


on curves where no cant, or very limited cant, could be provided. That 


fact, together with the maintenance considerations mentioned by Mr 


~ Loach, justified, in the Author’s view, the graded-down maximum cant 
- deficiency as compared with the uniform deficiency suggested by Mr 


Daniel. 
The formulae quoted by Mr Daniel were another form of those suggested 


: by Mr Tredinnick. By their use, cant was selected to suit an intermediate 


speed in such a way that the outward force due to cant deficiency at the 
highest speed equalled the inward force due to surplus cant at the lowest 


: speed. Presumably it was claimed that by thus equalizing those opposite 
~ forces wear and tear of the track was reduced to the minimum. That 


might be so in particular cases, but since the formula : 


Vint = VP =VE— Ve 
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took no account of the weight or number of trains travelling at the two 
extreme speeds, Vm and Vs, or at any intermediate speeds, it was by no 
means certain that the total outward forces would balance the total inward 
forces, and result in the minimum wear and tear of the track. On p. 530 — 
Mr Maycock had pointed out the weakness of such formulae and took 
the view that the speed for which equilibrium cant should be provided 
should be selected by careful judgement of the circumstances of each 
particular case. 

Mr Daniel had suggested that the maximum speed for each type of 
switch should be determined by experiment. The severity of the diver- 
gence at the switch was, however, affected by the curvature of the main 
line through the turnout, and a large number of tests would be required 
to cover every possible variation of the angle of divergence for each type 
of switch. The thrust at the switch was instantaneous and was so quickly 
followed by that on the turnout curve that it would probably be difficult 
_ to distinguish between the two sensations of discomfort. It was unlikely 
that a simple rule could be formulated as a result of the tests. The Track 
Committee had approached the problem with a view to devising the 
simplest possible rule. The curvature of the branch or turnout curve in 
standard leads from a straight main line bore a definite relation to the angle 
of divergence at the switch. Both were affected if the main line through 
the turnout was curved, but a relation still existed between the two. It 
was considered that the radius of the turnout curve gave the most con- 
venient measure of the severity of the divergence at the switch in all cir- 
cumstances, whether the main line was straight or curved, and it had 
therefore been decided (as explained on p. 537) to base the maximum > 
speed for the whole turnout, including the switch, on the radius of the 
turnout curve, and at the same time to make some allowance for the sudden 
thrust at the switch by using a lower maximum deficiency of cant. The 
simple practical rule thus obtained gave maximum speeds which experience — 
had shown to be within the limits of comfortable running. 

With regard to Mr Daniel’s comments on turnouts with negative cant, — 
the value to be taken for D (as stated on p. 537) was the same for negative 
as for positive cant ; thus in the example given, where the negative cant 
was 1 inch, D would be 2} inches. That procedure gave the desired 


effect of reducing the maximum permissible speed as the negative cant 
increased. . 


Correspondence 


Mr T. D. Turner observed that his particular interest in the Paper 
lay in the application of the Authors’ recommendations to the design of 
curves for high-speed traffic and their effect on switch-and-crossing work, 

It would be appreciated that for comfortable high-speed running and 
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ease of maintenance, the curvature and cant through a curve should be as 
regular as possible so as to avoid changes in cant deficiency and excess at 
speeds other than the equilibrium speed. 

For junction work, it was often necessary to flatten the curvature in 
order to reduce the cant requirement at switches and obtuse crossings and, 
in addition, to run at a cant deficiency on the main line through the junc- 
tion. Such compounding of the curvatures could be effectively transi- 
tioned, and a reasonable cant and cant-deficiency gradient could usually 


-be obtained, particularly if the main line carried a speed restriction through 


the junction. 

In the case of trailing crossovers and trailing connexions to sidings, 
etc., it was not normal practice to compound the main-line curve or reduce 
the main-line cant in order to restrict the negative cant over the connexion. 
The application of main-line cants greater than 2} inches through such 
connexions had been appreciated by Mr Maycock in the paragraph headed 
“ Turnouts with Negative Cant,”’ but the restriction of the negative cant 
to 3 inches in the switches would involve many additional main-line speed 
restrictions. 

On such connexions, too, it was normal practice to reduce the negative 
cant progressively between the switches and the crossing by adzing, pack- 


_ ing, or, in recent years, by the use of thick-base chairs. Cant gradients 


as high as 1 in 200 had been applied in those cases without detriment and 


- with a considerable easement in the maintenance. Tests carried out some 


years ago upon the then L.M. & 8.R. system, using rigid-frame locomotives, 
had. proved that a 1-in-200 cant gradient could be safely accepted at low 
speeds ; Mr Turner would be interested to have the Authors’ opinion on 
the application of such a cant gradient in the type of connexion to which 


‘he referred. 


In trailing crossover roads between curved main lines, the cant gradient 


that could be “ built-in ” the connexion by means of two-level switches and 
- thick-base chairs determined the relative levels of the running lines with 


the applied main-line cant. A cant gradient in the crossover of 1 in 200 
was often necessary where the connexions were in close proximity to station 
platforms or tight overhead structures, and where a reduction in the main- 


line cant would involve a severe speed restriction on a high-speed curve. 


Mr Maycock’s principle of using the distance between bogie centres as 
a virtual transition had an interesting application when the versine on a 
chord equal to the bogie centres was measured at the toe of standard 


switches. It would be found that the versine at the toe of “‘ D ” switches, 


is 


referred to as an example on p. 537, gave a resultant cant requirement of 
more than 3 inches at that point, the centre of the virtual transition, 
which compared unfavourably with the cant requirement of 2} inches 
through the turnout radius of 21 chains, at the quoted speed of 20:6 miles 


er hour. ¢, 
i ‘The substitution of “EK” switches into the “‘D ” heel chairs reduced 
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the effective cant requirement at the toe of the switch to 2} inches, thus 
enabling a constant cant deficiency to be attained throughout the turnout. 

To carry the process a stage further, “ E ” switches fitted into “D” 
heel chairs with a 1-in-10 crossing gave a turnout lead closely approximating 
a transition, and by the use of a two-level switch and thick-base chairs in 
the turnout curve, a constant cant deficiency of 24 inches could be attained 
throughout that transitional lead. 

That procedure had been extended on the L.M.S.R. system to cover 
“long C” and “long E” switches, with a consequent speeding-up of 
traffic over main-line junctions and a saving in maintenance, by reducing 
the ‘throw ”’ resulting from normal angles of side planing in standard 
turnouts. 

Mr B. W. Wilson, of Johannesburg, South Africa, observed that the 
work described by the Authors, as conducted under the auspices of the 
Track Committee in Britain, was not dissimilar to certain studies withwhich 
he had been intimately connected in South Africa. Under South African 
conditions, with a railway gauge of 3 feet 6 inches and curvatures as sharp _ 
as 300 feet radius, the problems of curve design were possibly a little 
more intricate than in Britain. Certainly the safety aspect involving 
considerations of overturning of vehicles on curves was vitally important. 
The equivalent feature under British conditions no doubt justified the 
omission of any mention by the Authors of a criterion of safety against 
overturning, but it would be interesting to know, nevertheless, the value 
of the appropriate factor of safety. From data collected from various 
sources, but chiefly from the annals of the International Railway Con- 
gresses, Mr Wilson had found! that world practice seemed to adhere to a 
minimum factor of safety of about g = 4-0, where g denoted the number of 
times the moment of resistance, provided by the weight of a vehicle, 
exceeded the moment of overturning, provided by the centrifugal forces. 
On the South African Railways, values of ¢ as small as 3-0 (with flexible 
vehicles) were obtained on curves of certain radii on some classes of line,2 
but endeavours were being made in current revisions of maximum per- 
missible speeds to bring that figure nearer 4-0. . 

A second factor, which seemed to have received rather scant con- 
sideration by the Authors, was that of economy, but there again the long 
mileages of single lines on the South African Railways, which had to cater 
for up and down traffic on a wide range of heavy gradients—traffic, more- 
over, with a preponderant proportion of freight services—provided con- 
ditions that were relatively more severe than in Britain and necessitated a 
degree of generalization in the selection of equilibrium cants which might 
not be desirable on the British Railways. Mr Wilson had succeeded in 


+ “ Superelevation and Maximum Speeds on Railway Curves.” Thesis pub. by 
University of Illinois, 1940. 


a E. M. Retief, “ Applied Economics of Railway Deviations.” Min. Proc. S.A. 
Instn Civ. Engrs, vol. 46 (1948), p. 35. Discussion by B. W. Wilson, p. 141. 
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showing that, from the point of view of economy (having regard to the 
wear and tear on vehicle and track), the desirable value for the equilibrium 
speed V, would be given by!: 


2 
eee eater egret Sy ager SOR) 
‘pW 

where p denoted the frequency of any train of weight W and speed V. 
On the South African Railways, however, owing to the necessity for making 
Speed concessions on curves in favour of passenger trains, equilibrium 
speeds were generally higher than was prescribed by that equation. Cur- 
rent practice was to determine the actual speeds of the various types of 
trains on representative curves of a given line, to convert those into 
equivalent cants, and thus derive cant-radius diagrams for trains of 
different categories; for example, up and down passenger trains and 
up and down goods on both steep and easy grades. A compromise was 
then necessary between the up and down trains for both passengers and 
goods, and finally a mean diagram for both steep and easy grades had to be 
determined by weighting conditions in favour of passenger trains. 

The question of passenger comfort had received some attention in 
South Africa on rather similar lines to those described in Part I of the 
Paper. 

A preparatory theoretical study had shown that on a flexible vehicle 
} the horizontal centripetal acceleration acting on a passenger at maximum 
speed Vi, on a curve of radius R could be expressed as : 


i obs unis o oe se) 
R 


(2) 


“jn which o denoted a factor defining the flexibility of the superstructure 
of the vehicle on its springs, and H, K, and Ko denoted dimensions relating 

respectively to the heights of centre of gravity of the superstructure and 
‘the undercarriage, and to the position of the centre of oscillation.? A 
typical value of o for a passenger coach might be of the order 0:3, and the 


A tended to be greater than unity, making the value of the 
- ‘ 7 0 ; 
‘second term within the brackets of equation (2) of the order of 0:5. 
From that it would appear that the influence of the springing of a 
-yehicle on the unbalanced radial accelerations could be important. 
In 1940, Mr Wilson had initiated a series of tests to relate sensations of 
comfort or discomfort with values of acceleration ¥ and had selected for 
the purpose a Wickham trolley which to all intents and purposes could be 


, 


te Be 
+ 


tatio 


1 See reference 1, p. 564. rs 3 ae 
_ ® See reference 1, p. 564. For experimental background provided by tests of 


overturning vehicles on curves, conducted in 1937, see “ Derailing Tests on South 
African Railways.” The Engineer, vol. 166, Part 2, p. 581 (25 Nov. 1938). 
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regarded as a rigid vehicle. As such, flexibility could be discounted and 
accelerations (in feet per second per second) legitimately computed from : 
Matas 
PS 


or 


v2 
PLT OE OTOTE ONE OS ee Se 


where V denoted the speed in miles per hour, r the curve radius in feet, and _ 

E the cant in inches. 
A code of sensations had been adopted, based on pure judgement, as 

followed : 9 


TABLE 9.—CODE OF SENSATIONS 


Sensation 


Very comfortable 
Comfortable. «...jn0 shoud - #40 
Comfortable-uncomfortable 
Uncomfortable . . . . 
Very uncomfortable . . 
Extremely uncomfortable . 


Two trips had been made at that time on the Bethlehem—Balfour North | 
and Nylstroom—Vaalwater lines, the trolley being run at normal cruising — 
speeds of about 35 to 40 miles per hour with occasional variations withir 
a range of from 30 to 50 miles per hour. Curve radii varied from 8} to 
43 chains on the Balfour North line and from 7 to 40 chains on the 
Vaalwater line. 7 . 

The practice had been simply to record the sensations felt in terms of 
the above symbols as the trolley negotiated the curves. No attempt had 
been made to discriminate between transitions and circular portions of 
curves, but care had been exercised to discount any sudden lurches 
arising from faulty track alignments. Speeds of the trolley had been 
read direct from the recording speedometer to give values of V, and. 
cants # and radii r had been obtained later from track records. ; 
__ The computed values of # plotted against sensation symbols were 
shown in Figs 18 (a) and 78 (b). The results, which reflected only Mr 
Wilson’s observations in each case, showed considerable variance for the 
two lines. The disparities might have arisen from different personal 
perceptions of comfort on the two occasions, the standard on the Vaalwater 
line presumably having been conditioned by the sharp contrast between 
comfort and extreme discomfort, not experienced on the other line. __ 

No further experiments had been conducted until 1947, when he and 


three other observers in a Wickham trolley had recorded their sensations 
on the curves of the Natal main line between Durban and Pietermaritz- 
burg. The results were plotted in Figs 19 and, despite considerable 
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scatter, showed a consistent trend. 


SENSATION SYMBOL 


Rap1AL ACCELERATIONS ON Curves IN RELATION TO PassENGER COMFORT 


Taking the value 
grams intersected the borderline of discomfort 


SENSATION SYMBOL 


co 


AGES Bal 


3-0 40 5:07 


EF f 
UNBALANCED ACCELERATION: FEET PER SECOND PER SECOND 
BETHLEHEM - BALFOUR NORTH LINE (8 APRIL 1940) 


F : 3-0 i 
UNBALANCED ACCELERATION: FEET PER SECOND PER SECOND 
NYLSTROOM - VAALWATER. LINE (10 APRIL 1940) 


s of the acceleration # where the mean lines of the dia- 
(c.-u.), the following limits 


to the sensation of comfort were obtained. 


The demarcating radial acceleration, taken as the weighted mean of the 
was 2-2 feet per second per second, and represented an 
6-inch-gauge track of 2-9 inches. The equivalent 
nt deficiency on standard-gauge track would be 3-9 inches. 


figures in Table 10, 


‘unbalanced cant on 3-foot- 
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TABLE 10.—LIMITING RADIAL ACCELERATION FOR PASSENGER 


COMFORT 

Line Observer Borderline value Number of 

4 : feet per second 2 observations 
Paalwoter? 5. is 2-66 48 
Balfour North . .. . i 1:70 45 
Natal main ope ee ae I 2-40 81 
a a ee ee ee II 1-92 52 
4s “ cde eee eo Tit 1-97 32 
4 on ee tte ra IV 2-42 36 
Weighted Mean : 2-20 294. 


however, for the flexibility of coaching stock, equation (2) would modify (3) 
to 
yj = 1-5 x 0-767(e — £) 
== 1-1) 


where € denoted the cant in inches equivalent to the speed V, and 
_D (=e — E) denoted the cant deficiency in inches. Accordingly, for a 
limiting value of # = 2-2 feet per second per second, the limiting cant 
deficiency would be about 2-6 inches for 3-foot-6-inch gauge and 3:5 inches 
for a standard gauge. The latter figure agreed very well with that 
adopted by the British Track Committee. In South Africa, making some 
~ allowance for imperfect alignment, it had been decided to adopt a maximum 
- cant deficiency of 2 inches.! It might be mentioned that that figure and 
‘its equivalent for standard-gauge track were in good accord with the con- 
sensus of opinion expressed in engineering literature,? and particularly 
with American railway practice, which had adopted a maximum permis- 
sible cant deficiency of 3 inches. 

The necessity for adopting an empirical formula for the reduction of 
cant deficiency with increase of cant or reduction of radius, mentioned in 
Part I of the Paper, diminished considerably if the factor of safety q was 
‘made a criterion as well as limiting cant deficiency Dm. That statement 
‘could perhaps best be explained by recourse to Fig. 20, in which curve 
_ AB represented the maximum speeds on curves of various radii such that 

the factor of safety qg was never less than a minimum value, say 4-0. 
- Curve FG was representative of overturning speeds (V.), which bore an 
approximately constant ratio to the maximum speeds. Curve DE would 
_ represent the maximum speeds that could be allowed for comfort if a cant 
- deficiency of Dm were not to be exceeded. 
| 1 “ Superelevations and Maximum Permissible Speeds on Curves.” Research 
- Circular No. 25.027, issued by the Office of the Chief Civil Engineer, South African 
_ Railways, 1948. ~ 
_ See reference 1, p. 564. 
ad 
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y 
The actual difference between Vm (safety) and V_ increased consider: 
ably with radius, and travel on large-radius curves became ever safer with 
increase of radius because of the larger marginal speed (Ve — Vin) 
flat curves, overturning was thus virtually impossible and it would be qu 
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safe to allow some reduction of the factor of safety g by adopting a rela 
ship for maximum speed Vm (safety and comfort) such as curve AE 
which was tangential to ABat A and asymptotic to DE at E. The relati 

ship AE gave the desired factor of safety on sharp curves where it was mc 
needed and the desired comfort on flat curves: in the intermediate rar 
the cant deficiency fell off from the maximum permissible to the ext 
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| that the adopted curve AE fell below DE in Fig. 20, but .the gradation 
| depended essentially upon the composite curve AE and the condition that 
“it should merge with the confining curves AB and DE. That procedure, 
“in essence, had also been adopted in South African Railway practice.1 
| Mr Loach, in reply, observed that, contrary to the opinions of most 
_ others, Mr Turner had suggested that the limiting permissible steepness of 
cant gradient might with advantage be fixed at 1 in 200 instead of 1 in 300, 
and in support of his statement he had mentioned tests with rigid-frame 
locomotives. Mr Loach stated that, unless the information to be gained 
from the tests involving locomotives on artificial cant gradients showed 


~ 
ree eee 


be reluctant to depart from the limit of 1 in 300 already agreed. It should 
“be borne in mind that locomotives with 4-6-2 and 2-6-4 wheel arrange- 
“ments might give worse conditions than a 0-8-0, for, though the fixed 
_ wheelbase was less, the redistribution of weights on the end carrying units 
could be appreciable because of the unequal loading imposed on their 
" sides by the main frame. This became important on occasions when the 
“centering forces in the unit were also appreciable. 
4q Mr Loach thanked Mr Wilson for his very interesting contribution ; 
it was pleasing to learn that the thoughts of the South African engineers 
“had developed along the same lines as those described in the Paper. It 
seemed to be unfortunate, however, that Mr Wilson had confined his tests 
to runs on a Wickham trolley, because the rather rough ride, in contrast 
to that in a coach, would distract attention from or possibly mask some- 
‘what the sensations to be considered ; it is suggested that the scatter of 
the results may be attributed to it. Afterwards Mr Wilson had assumed 
factors to take account of the springing of the vehicles, factors which 
“might be misleading if not handled carefully. Mr Loach considered it 
important for sensations to be recorded in the same surroundings and 
‘comfort as normally occur in travel and so he suggested that Mr Wilson’s 
investigation would have been more complete if, finally, tests had been 
made with observers sitting in a coach and experiencing all the factors 
- normally present in travel. 
Mr Maycock agreed with Mr Turner that changes of curvature, cant, 
and deficiency of cant should be avoided so far as possible, but that it 
was sometimes necessary to make such changes on main lines through 
junctions and that the reduction of cant might, in some cases, necessitate 
_ speed restrictions. 
One was reluctant to sacrifice speed or to vary curvature and cant on 
"main lines on account of less important trailing connexions having negative 


cant, but in extreme cases it might be necessary to do so. A maximum 


allowable amount of negative cant had not been suggested in the Paper ; 
all that had been said was that negative cant exceeding 3 inches at switches 


Br a 1 See reference 1, p. 569. 
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and common crossings and 24 inches at obtuse crossings was undesirable 
It was appreciated that in certain cases a somewhat higher negative can 
might be justified, but Mr Maycock considered that the use of highe 
amounts of negative cant should not be generally encouraged. : 

Mr Maycock appreciated the advantages to be gained by the use ¢ 
the “long C, D, and E”’ switches, referred to by Mr Turner, i in reducing 
the momentary thrust at the point of divergence and in giving a transitio 
effect through the switches. The treatment of the subject of speeds through! 
turnouts in the Paper had been intended, however, to provide a simple 
general rule applicable to standard leads and that had been based on the 
radius, cant, and deficiency of cant of the turnout curve without taking, 
account of possible variations in the design of switches. Where a suitable: 
transition of sufficient length could be provided at the entry to a diverging; 
line a somewhat higher maximum speed could be allowed. In such a case: 


the diverging line could be treated as a main line for the purpose of assessing 
maximum speed. 
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£. MARITIME AND WATERWAYS ENGINEERING DIVISION 
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“4 ‘Lieutenant-Colonel R. H. Epwarps, M.I.C.E., Chairman of the Division, 
a in the Chair. 

a The following Paper was presented for discussion and, on the motion 
rs of the Chairman the thanks of the Division were accorded to the Author, 
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Maritime Paper No. 20 


‘* Model-Tests on the Bellmouth-Spillway and Outfall of 
the Fassideri Project °’ 
by 
Edwin Samuel Crump, C.I,E, 


SYNOPSIS 


_ In the Fassideri project, works designed to protect the earthen dam from 
_ damage by floods comprised a bellmouth-spillway to discharge into an existing 
 diversion-tunnel, and a steeply graded outfall channel linked to the tunnel exit through 
a chute and a stilling-basin fitted with Rehbock deflectors. As against an estimated 
__high-flood discharge of 150 cumecs, the spillway was designed to pass a maximum 
_ discharge of 300 cumecs before water rising in the bellmouth would submerge the spill- 
_ weir and cause a dangerously rapid rise of reservoir-level. 
: With the object of obtaining a reliable forecast of prototype behaviour, various 
tests were carried out on a model structure, built to a scale of one inch to one metre. 
All parts of the model upstream of the tunnel exit were made up from transparent 
perspex sheets. The irregular supply-channel of the prototype was replaced in the 
~ model by a deep circular basin enabling tests to be made with the bed at, or below, 
designed level. To correct for scale-effect in the frictional losses, the tunnel of the 
model was given a steeper slope and shorter relative length than that of the prototype. 
"Tests were made with four arrangements: with a deep or shallow supply-channel, 
and, in each case, with and without a divide-wall inserted to kill the swirl in the supply 
channel. Without a divide-wall, the swirl caused the formation of a single vortex in 
the bellmouth: with a divide-wall, forcing the supply-stream to bifurcate, a pair of 
 eontending vortices was formed. Tests showed that with a divide-wall, a deep 
channel would safely pass 316 cumecs, but that without it, 241 cumecs would cause a 
very rapid and dangerous rise of water-level. With a shallow channel as designed and 
a divide-wall, a discharge of 300 cumecs would result in the designed reservoir-level 
_ being exceeded by the negligible amount of 0-02 metre; without the divide wall this 
_ would increase to only 0-26 metre, ~ ; } he 
__-‘With Rehbock deflectors in place, the standing wave was always contained within 
the stilling-basin, but excessive turbulence caused heavy spilling, which required 
- increased freeboard, With the deflectors removed, a disc arge of 272 cumecs swept 
the standing wave right out of the basin, suggesting the desirability of either raising 
the outfall channel or lowering the floor of the basin. 


Piezometer measurements indicated that cavitation might occur in the throat of the 


bellmouth, and that low pressures in this region might be due to the existence of a 
_ vena contracta caused by imperfect shaping of the bellmouth. 
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INTRODUCTION 


- 
Tur model-tests described in the Paper were carried out by the Autho. 
under the direction of Sir Claude Inglis, Director of the Hydraulics Re 
Station of the Department of Scientific and Industrial Research, at the 
request of Sir William Halcrow & Partners, acting on behalf of the Gree 
Sanitation and Hydraulic Works Construction Company, whose 
Designing Engineer, M. Th. Michalopoulos, was responsible for the desig 
of new works in connexion with the Fassideri project on the river Kifisos 
near Athens. This scheme, now under construction, provides for the 
storage, for irrigation purposes, of 3,270,000 cubic metres of water by meai 
of an earthen dam 33-5 metres high. Whilst the maximum river flow 
normal years is estimated at 150 cumecs it was deemed advisable to desi 
the spillway to have a maximum capacity of twice this discharge. 


FEATURES OF PROTOTYPE DESIGN 


The works, designed to deal with a flood of 300 cumecs are shown it 
Figs 1. The new bellmouth-spillway is located with its axis inte ing 
that of an existing diversion tunnel built before 1940. A short length 
the tunnel is to be abandoned and plugged off, the remaining portion bei 
embodied in the new design. The crest of the spillway is formed by twelve 
sub-weirs, each 7 metres wide between the parallel vertical sides of twelve 
pear-shaped guide-vanes. The crests of the weirs are cylindrical (radius : 
0-894 metre) so that with an ideal radial approach, the flow over the wei 
would be two-dimensional and not radially convergent. The bellmout 
proper is meticulously designed as a paraboloid of revolution conforming 
to the shape that would be assumed with a discharge of 300 cumecs by 
symmetrically convergent nappe of increasing thickness falling freely ix 
air, from a conical lip of 10-80 metres radius inclined at 30 degrees to 
horizontal. Neglecting frictional losses, the Chief Designer’s calculatiot 
indicate that this ideal nappe would converge to form a solid jet of diam 
somewhat less than that of the throat (and tunnel) at a point about 1% 


metre in length connects the throat of the bellmouth to the upper end of t 
12-metre-radius elbow. Downstream of the elbow, the tunnel has a uni 
form slope of 0-01436 and a total length of 280-6 metres, of which the 
60-6 metres is curved to a radius of 95 metres. To assist in the dissipatic 
of residual energy, the stilling basin is provided with three rows of Rehb 
deflectors, only the first two being dentated. The curved outfall-cha 
has a steep bed-slope of about 1 in 60, thereby ensuring hypercritical fl 
at all stages of discharge: the head of the channel therefore behaves as 
free-fall weir, the modular action of which determines the level of water 
‘surface and energy-lines in the stilling-basin, and screens the basin fr 
the effects of curvature in the outfall channel. ae 


“metre above the designed level of the throat. A short straight neck ‘is 
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OxpsEcts OF TESTS 


The main points upon which it was hoped to arrive at a definite decisio 
from the results of model-tests were :— 
(1) Ability of the designed spillway to pass : ! 
(a) a normal flood of 150 cumecs with part-bore flow in the 
tunnel: and ' 
(b) a maximum discharge of 300 cumecs without endangerin 
the safety of the earthen dam by serious encroachment 
upon the designed freeboard of 1-90 metres. 


: (2) Adequacy of the designed stilling-basin to fulfil its purpose of 

dissipating residual energy by the formation of a standing wave 
at the upstream end of the basin. 

(3) The necessity, or otherwise, of providing ventilating ducts in the 
tunnel, either for relieving pressure in airpockets, or for admit- 
ting air to prevent or mitigate cavitation-effects. © 


; 
; 


ScaLE or MopEL | 


The scale suggested by the Chief Designer was 1/40, which required a 
model about 10 metres long. A scale of 1 : 39-37 or 1 inch: 1 metre ws 
finally adopted. All prototype plans and calculations being in me 
units, the convenience of this scale was obvious; not only could dim 
sions for the model be taken directly from the prototype designs, but 
measurement of all quantities of linear dimensions (that is to say, gau 
and manometer readings) made in inches on the model represented me 
on the prototype. : 

The main purpose of the investigation being to predict protot 
performance, the results of the model-tests have been presented in terms | 
prototype behaviour expressed in metric units, f 

With the scale adopted, Froude’s law requires the prototype discharge 
to be (39-37)5/2 = 9,726 times that of the model, so that a discharge of 1 
cusec in the model represents a prototype discharge of (39-37)5/2 + (3-281 
= 275-4 cumecs. 


Lay-out or MopEL 


The lay-out of the model in relation to the relevant portions of th 
testing unit is shown in Figs 2. The unit comprises a circulating-pump 0: 
1:5-cusec maximum capacity delivering into a capacious constant-leve 
header tank supplying, through a 6-inch pipe and regulating valve, a steady 
discharge to an elevated steel flume, 5 feet wide, which is fitted with ¢ 
number of plate-glass observation windows. & standard V-notch, 2 
inches wide, cut from }-inch brass plate with j;-inch square edge ant 
;'s-inch chamfer, was fitted opposite the first of shied WALOWE 
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Discharges were computed from Barnes’s empirical formula : 
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Q = 2-48 H2-48 cusecs (H in feet). 


The head H was measured by hook-gauge and vernier in a stilling-pot 
connected to the floor of the flume. Further down the flume, for fo 
the model, another window was removed to provide an entrance 35 inches 
wide between two vertical stanchions. The perspex bellmouth, which was 
fitted with a }-inch perspex flange at designed floor-level (1-1 inch below ' 
weir-crests), was screwed down into a rebate let into the upper floor of at 
circular timber basin of 66 inches diameter and 10:5 inches depth. The: 
main lower floor of the basin was 6-4 inches below the upper (designed) ) 
floor, so that under maximum-discharge conditions it gave a depth of flow: 
of 9 inches. The model freeboard was thus 1-5 inch as compared with 1-9) 
metre for the prototype dam. The two floors of the basin were connected 
by a circular wax ring, rounded to a radius of 5 inches. i 
At the position shown in Figs 2 a syphonic N-gauge made from $-inch | 
glass tubing was hooked over the wall of the basin, the meniscus of the: 
outer U-limb being read from a scale adjusted to read zero with the water | 
surface in the basin at average crest-level of the twelve sub-weirs. 
cision in observing the gauge-reading @ was greatly improved by burying. 
the inner end of the N-gauge in a wire-gauze pot filled with sand, thereby 
damping oscillations that were otherwise found to vitiate readings taken on 
the higher ranges of discharge. 
The substantial weight of the basin and its contents was transmitted 
through the radially jointed floor-boards of the basin to a stiff circular ring 
made from 4-inch-by-}-inch steel. With a view to minimizing strain an 
distortion, the radius of the circle of contact was adjusted to pass throug 
the centre of gravity of sector-shaped elements with the basin fully loade 
The steel ring was supported by three 4-inch-by-4-inch wooden posts 
capped by adjustable hardwood fox-wedges. With this “ three-point 
support, precise levelling of the weir-crests was readily effected. As & 
further precaution against distortion, and to resist unbalanced water 
pressures, the kerfed paling of the basin was embraced by two steel cables 
anchored to the entrance stanchions and tightened by turn-buckles 
Tension in the cables was resisted by wooden struts screwed to the paling 
and shaped to fit snugly into the webs of the stanchions. 
The perspex bends and tunnels were made up in sections and jointed by 
}-inch perspex flanges having twelve }-inch bolts. For convenience of 
reference the flanged joints may be considered as numbered from JO to J6. 
the first being that at the upper end of the 12-inch elbow, and the last thai 
at the upstream end of the exit-transition. Flanges J1 to J6 were sup 
ported on timber stools capped with adjustable fox-wedges. 7 
The perspex bellmouth was not a “ surface of revolution ”’ as in the 
prototype, but was built up from twelve tapered panels cut to template an 
bent in a mould to the shape calculated by the Chief Designer. The cross 
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_ section of the throat 18-1 inches below crest-level was therefore dodeca- 
ve gonal. This section being 1-22 inch higher than the top of the elbow a 
~ flanged transition of this length, tapering from dodecagon to inscribed 
ae ‘circle was inserted between bellmouth and elbow. Thus the splay at the 
_ corners of this transition was: 2:3 (sec 15° — 1)/1-22 = 0-0665, or 1 in 15 
only. : 

4 With the object of obtaining Froude-law similitude of discharge with 
- uniform part-bore flow in the tunnel, and again at the all-important stage 
a of maximum capacity, the perspex tunnel of the model was given a steeper 
slope and shorter relative length than that of the prototype. These 
departures resulted in an invert-level at tunnel exits of 208-57 in the model 
and 208-46 in the prototype. With this small difference of 0-11 in levels, 
the model, from tunnel exits onwards, was an exact replica of the prototype 
_ except that, for reasons already stated, the outfall channel was made 
| straight instead of curved, and—in order to simulate prototype depths of 
_ flow—was given a slope 50 per cent greater than the prototype. 

| The three Rehbock deflectors of the stilling-basin were made easily 
- removable, and the test result analysed hereafter was made with all 
deflectors removed from the basin. 

_ For observing pressures in the elbow JO-J1 four piezometric tappings 
were provided as follows : 

T1 : on the concave spine, a little below JO. 

er Pa 30 OUT. », midway between JO and Jl. 

go ee ee ss », 2 little above Jl. 

T4: ,, ,, convex belly, opposite T3. 


These tappings could be connected either to a U-tube manometer for 
" measuring vacuum pressures or pressures in air-pockets, or, alternatively, 
_ to one of two water-manometers placed side by side for measuring absolute 
~ and relative pressures at the opposed tappings T3 and T4. For the sake of 
_ clarity, readings of the former are indicated by the prefix A (Air) and of 


Suppry CHANNEL IN PRoTOTYPE AND MoDEL 


In the prototype design, the spillway is located on gently sloping ground 
on the left flank of the dam. A supply channel giving access to the spill- 
way will be formed by excavating a shallow basin of somewhat irregular 
‘shape with a level bed 1-10 metre below spill-weir crest-level. The centre 
of the spillway shaft will be about 22 metres from the line of intersection 
of the bed of the basin with the 1-in-2} side-slope of the river-valley. On 
_ the landward side, the toe of a 3:1 side-cut will be nowhere less than 28 
metres from the centre of the shaft. Bee 
In the model, by reason of the space and weight involved, it was con- 
sidered impracticable to reproduce the topographical features of the 
prototype. To do so would have called for a second ad hoc model of much 
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pe a, en a 


smaller size. With the model-arrangement already described, it was con+ 
sidered that a deep moat of low velocity would give conditions of flow 
approximating to the ideal of a purely radial approach devoid of initiah| 
swirl; whilst by filling the moat with fine gravel to the designed level off 
the upper floor and reproducing the valley side-slope of the prototype, it: 
was considered that the behaviour of the model could be accepted as offering; 
a safe prediction of that of the prototype as designed by the Chief Designer, 
since the wider entrance to the basin of the prototype would undoubted ly) 
result in a weaker swirl in the basin than the relatively narrow entrance of 
the model, P: 
Tests were made both with and without gravel filling. 4 


( 


BREAKDOWN FROM “ FREE” To “ FULL-BORE” FLow 


In a tunnel of uniform section and slope, and of sufficient length for 
uniform flow to become established, the abrupt breakdown from part-bore: 
flow with a “free ” surface at atmospheric pressure, to “ full-bore ” flow 
with the tunnel under pressure, is a phenomenon well known to hydraulic 
engineers. It is due to the fact that, with an arched roof, as the depth of 
flow increases, the discharge attains the critical maximum value before the 
tunnel runs full. If the tunnel is called upon to pass a discharge very 
slightly greater than this critical value, it can only do so by running | 
bore with a hydraulic-gradient steeper than the slope of the tunnel, so that 
the breakdown is attended by the expulsion of air from the tunnel, followed 
by afflux of the free surface at tunnel entrance. 


In general, Manning’s formula gives the discharge as : 


: 
Oey di 14ge 5 ; 
rabies ad ollie bho! Nn)? 
where A denotes sectional area of stream ; | 
P_,, wetted perimeter ; 
S ,, hydraulic gradient ; 
and N is the coefficient of roughness. 
In a tunnel flowing part-bore at uniform depth, the hydraulic gradient 
is identical with the constant tunnel-slope ; so that breakdown occurs i 
apy 

and when the expression la attains the maximum value. In the presen 
case it can readily be shown that the expression has a maximum value c 
2-129 7? when the air-space subtends an angle of 58 degrees, where r d 
notes the radius of the circular section of the tunnel ; whereas when t 

tunnel is full (that is to say when A = zr? and P = 277) its value is o 
1-9797%. : 3 
. . ; f 
Thus, the critical discharge Qmaz at which breakdown occurs on 

rising discharge is given by the equation : 

: Qmax = 2°12975(1-486 St/N) 


é 
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where S denotes the tunnel slope; whereas, with full-bore flow, the 
pecberee i is given by the equation: 

Oru = 1-97977(1-486 f#/N) 

where f (steeper than s) denotes the hydraulic-gradient. 

If the two discharges are the same, that is to say, if breakdown is 
attended by no rise in discharge, equating the two values of Q gives 
2-129S? — 1-979f%, that is to say, f = 1-158S, showing that the afflux at 
tunnel-entrance will be (0-158S) times the length of the tunnel. 

The Chief Designer, using a metric formula with which the Author was 
not familiar, computed the value of Qmaz as 173-2 cumecs, that is to say, it 
exceeded the normal high flood of 150 cumecs. Comparing his result with 
the formula for Qmaz given above, it was found that a value of N = 0-01358 
was required to give the same result, namely : 


Qnae = 2129 (7 -55)3(1:486(0-01436)*/0-01358) = 6,100 cusecs 
= 173-2 cumecs. 


The above value of N, considered reasonable for a well-moulded con- 


crete surface, was used by the Author in all calculations relative to frictional 


losses in the prototype tunnel. 


FRricTionaL Losses IN PROTOTYPE AND MopDEL 


The application of Manning’s formula : 


1-486 
pa baggie Tk + 
ee 


(where . V denotes velocity in feet per second ; 


N is Kutter’s N in British units ; 
R denotes the hydraulic radius in feet ; 


and ff; the energy gradient due to frictional losses) 


i _to a prototype m times larger than the model, leads to the relationship : 
(Vp/Vz) = (Nu/Np) (Rp/Ru)*(felfu)* 
Siroude similitude requires : (Vp/Vj,) = m*; and for similar cross-sections 
(Rp/Ry) =m; so that 
(fulfe) = m* (Nu/Np)? 

Putting 

m = 39:37; Ny (for perspex) = 0-0090 and Np(for cement) = 0:01358 : 

(fulfe) = 1-494 


Browns that in spite of its much greater smoothness, relative frictional 
losses in the tunnel of the model are nearly 50 per cent higher than those in 
the prototype. Thus, by giving the tunnel of the model a slope of 0-02146 
(that i is to say, 1: 494 times steeper than that of the prototype), similar 


we 


x 
a 
a 
q 
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conditions of flow, throughout the whole range of part-bore flow, wer 
ensured. ; 

In the higher stages of discharge, with the tunnel running full-bore, i 
view of the limited freeboard provided in the prototype, dangerous con-. 
ditions would set in as soon as the free-fall discharge of the spill weirs be-: 
came affected by drowning. With cylindrical weirs, this drowning effect: 
begins when the water-surface in the bellmouth rises to weir-crest level 
(246-10). At this stage of discharge, which may be designated the “ maxi-- 
mum safe capacity ” the Author’s assumption—subsequently verified int 
model-tests—was that at tunnel exit the full-bore jet would acquire a frees 
surface (at atmospheric pressure) precisely at the upstream end of the gently, 
divergent transition. At this section, cradled by the transition and aerated: 
only at its crown, it retains the characteristic features (such as the distribu-. 
tion of pressure and velocity) of the prismatic flow of the tunnel. Its! 
residual kinetic energy is that of the tunnel flow, and the working head is‘ 
correctly measured, not from the centre of the orifice (as in the case of a jet’ 
leaping into free air and aerated all over its perimeter) but from the soffit of 
the tunnel. The matter is important for the reason that the kinetic energy 
of the issuing jet accounts for nearly 50 per cent of the working head. — 

In order to ensure Froude similarity at “ maximum safe capacity ” in 
prototype and model, the tunnel of the latter was shortened by 98-50 
inches, thereby reducing the frictional losses in the ratio of 190-95 : 289- 15 
(tunnel length in the prototype, measured from the upstream end of the 
elbow to the upstream end of the exit-transition). With the frictional 
gradient of the model 1-494 times that of the prototype, the combined effec 
of size and length on total frictional losses was, therefore, to reduce the 
relative losses in the ratio of 1-494 x 190-95/289-45 = 0-9858:1. On the 
assumptions indicated, the relative performance of prototype and mod 
both expressed in prototype language, is shown in Table 1. 


» 
q 


TABLE 1 
ee ON me eRe Late err 
Prototype Model 
Weir-crest level . . . 246-100 246-100 
Soffit-level at exit . . 213-204 213-385 
Working head. . . . 32-896 32-715 
Losses of head expressed as multiples of V?/2g 
Losses in bellmouth . . 0:1000 0-1000 P 
Additional losses in bends 0-2500 0-2500 
Frictional losses . . . 0-8694 0-8571 
Kinetic energy at exit . 1-0000 1-0000 
Totallosses . . . . 2-2194 x Ve 2-2071 x Uy 


2g 7 7A 
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ie Equating total losses to working heads, the ead of V2/29 in the two 
Gases is identical, namely 14-822 metres. This gives V = (2g . 14-822) = 
a 17-053 metres per second, and @ = AV = 16-619 x 17-053 = 283-4 cumecs 
ed with the assumed maximum value of 300 cumecs. 


" Errect oF UNDERESTIMATION OF KuTTER’s N 


‘a In considering the value of N = 0-01358 used in assessing prototype 

"performance and designing the model, the consulting engineers expressed 

4 their opinion as practising engineers that so low a value would only be at- 

tained by costly special methods of construction. They had frequently 

| found by subsequent measurement on actual works that values less favour- 
able even than 0-014 might be obtained. 

Confronted with so authoritative an opinion, it was felt necessary to 


as oe in- 


§ 
« 


“examine the effect on the pent tire ‘maximum safe capacity 


; H = (1-350 + kN?) V2/2g 
where H denotes the working head and & is a constant required to give 
' the friction term (KN?) the value of 0-869. 

_ For the given value of H(32-896 metres) the value of the discharge is : 
; Q = K(1:350 + kN2)-4 
where K is a second constant. 
_ Logarithmic differentiation then gives : 


dQ kN2 dN 
ae Q  +1:350+kN2° N 
1 ‘utting kN2 = 0-869 gives : 
; dQ dN 

is = — 0-392 W 


so that an increase of 3-07 per cent in the value of N would decrease the 
calculated value of Q by only 1-20 per cent. 

_ It may, therefore be inferred that small errors made in assessing the 
values of N for prototype and model would not seriously vitiate a prediction 
based on the results of model-tests. 


DANGER OF WORKING WITH SPILL- WEIRS SUBMERGED 


In considering the ‘‘ maximum safe capacity ” of the spillway, it is at 
once obvious that so long as the spill-weirs remain undrowned and discharge ~ 
freely into the bellmouth, surface-level in the reservoir will be quite un- 
ected by anything that is happening in the bellmouth and tunnel. In 
ese circumstances the crest gauge reading will be proportional to Q#, so 
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that for a small increment 5Q in the discharge, the increment 6@ in gauge 
reading is given by the equation : Py 
3¢=9.6.— : ’ 
GG ' 
For example, if G = 1-50 when Q = 300 cumecs, then for a 1 per centi 
increase in discharge the rise would be only 0-010 metre. 

On the other hand, when the weirs are completely submerged, it is the 
relationship between the discharge Q and the working-head H = (@ + 32-9) 
that determines the value of G@. Since Q is now proportional to (@ + 32-9)h 
the differential relationship becomes : - 

5G = 2(4 + 32-9) .8Q/Q : 

If, with the weirs submerged, the gauge-reading stood at G@ = 1:6 (0-1 
metre in excess of design) a further increase of 1 per cent in the discharge 
would result in a very dangerous rise of 5G = 0-690 metre—69 times 
greater than for the previous case. 

The Fassideri Spillway has been designed on the assumption that = 
maximum discharge of 300 cumecs would be passed with the spill-weirs 
still working free-fall, with a metric weir-coefticient of 2-0 (corresponding to 
3-622 in British units) and a gauge-reading G@ of 1-5 metre. With a free- 
board of only 1-9 metre, the above analysis serves to emphasize the da er 
involved in the spillway operating with the spill-weirs submerged. 


DISCHARGE-TABLE FOR OUTFALL WEIR 


et RC EE TC AA 


As previously stated, the conditions of flow downstream of the standi 
wave in the stilling-basin are determined by “ modular ” action of the weir 
formed by the head of the outfall channel. Regarding this as a long- 
throated weir, the discharge Q for various values of the depth of flow d is 
found by applying the principle of “ minimum energy”, the genera 
criterion for which is : 

h = V2/2g = A/2w; 
where h = V2/2g = velocity head ; 


A denotes sectional area of flow; and 

pd surface-width ; 
all taken at the “ critical ’’ section of the weir. 
In the present case, working in metric units, this section has a bed: 
width of 13-4 metres with 4:1 side-slopes ; so that : 


w=134+4+¢d 
"A = d(13-4 + 4d) 
h = A/2w = 4d(13-4 + 4d)/(13-4 + d) 
V = (2gh)t = (gd)* (13-4 + $d)t/(13-4 + d)t 
and Q= AV =gt.d?. (13-4 + $d)? (13-4 + d)-4 
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__ The total energy measured from the weir crest is 7 = (d +h); and, 
"measured from the floor of the stilling basin, is Ty = (7 + 4:51). 

- Corresponding values of d, Q, T and Ty, calculated from these ex- 
pressions are shown in Table 2. 

Ae: 


TABLE 2 
d Q T Ty 
3-7 321-02 5:3498 9-8598 
3-6 307-48 5-2094 9-7194. 
3-5 294-18 50688 95788 
3°4 281-11 4-9280 9-4380 
3:3 268-25 4:7870 9-2970 
3-2 255-65 4-6458 9-1558 
3-1 243-27 4-5044 9-0144 
3:0 231-14 4-3628 88728 


EFrrect oF GUIDE-PIERS 


The effect of guide-piers forming parallel side-walls for the cylindrical 
weirs was to vitiate the ideal conditions of radial flow assumed in designing 
‘the shape of the bellmouth. Flow over the weirs, when working free-fall, 
_ was not radial, but two-dimensional with flow lines parallel to the walls of 
the piers. The coalescence (at an angle of 30 degrees) of adjacent jets 
coming from the two sides of a pier, produced a marked concentration of 
flow where they met to form a smooth non-turbulent ridge of much greater 
depth than that of the main jets. The formation of twelve ridges in the 
‘wake of the piers was a conspicuous feature of model-behaviour. The 
‘deflexion of these ridges from radial planes (Fig. 3, facing p. 590) gave a 
clear indication of the strength of the swirl in the supply channel, and of 
‘the extent to which the swirl was subdued by inserting a thin metal 
‘divide-wall across the channel (Fig. 4, facing p. 530). 

At stages of discharge attended by the formation in the bellmouth of a 
core of idling water, it seems reasonable to suppose that the amount of air 
entrained along the edge of the core would be substantially increased by the 
“presence of corrugations in the surface of the descending nappe, 
 Obliquity of flow, in the stream approaching the weirs, sets up a strong 
action round the pier-noses and there is a marked end-contraction effect on 
‘the lee side of the pier; the effective length of the weir is reduced, and its 
‘as ischarge coefficient is smaller than it would be in the absence of guide- 
piers. o- 
Conversely, action round the pier-noses results in unequal pressures on 
the two sides of the pier, so that there is a resultant force tending to over- 
“turn the pier. In resisting this force, the piers exert a turning moment (on 


586 CRUMP ON MODEL-TESTS ON THE BELLMOUTH-SPILLWAY 


the body of water) opposing the swirl in the supply channel. The stre 

of the vortex formed in the bellmouth is thereby reduced, with the beneficia. 

result that the weirs become drowned at a higher discharge. i 
The effect of guide-piers, therefore, is to increase the “‘ maximum safe’ 

capacity ” at the cost of some reduction in the discharge-coefficient of the 


spill-weirs. 


Arr ENTRAINMENT i ib 


Observation of the model showed the following sources of entrained air : 


(1) At low discharges, before a core had formed in the bellmouth, the 
corrugated annular jet descending the sides of the bellmouth converged and 
united to form a single aerated stream flowing along the curved belly of the 
elbow. One half of the annular jet hugged the bend, whilst the other half; 
breaking away from the roof of the elbow, fell in a vertical curtain to join 
its mate. The falling curtain thus formed a partition completely separating 
the stream of air that flowed down the bellmouth and was carried, emulsi-+ 
fied, along the tunnel, from the air-space overlying the water-stream of the 
tunnel. The entrained air was not retained, but escaped to the surface of 
the stream well before reaching the tunnel exit. 


(2) At intermediate discharges, when a core of water stood in the bell- 
mouth, air entrainment took place where the annular jet descending th 
sides of the bellmouth impinged upon core-water. The smaller the volume 
and height of the core, the more vigorous was the air entrainment, and, in 
the earlier stages of this phase, all entrained air was swept down into t t 
tunnel. As the core rose and became larger, not only was less air entrain¢ 
(the velocity of the jet being smaller) but, with a lazier core, an incre i 
fraction of the air entrained rose through the core and escaped from its 
surface. At the higher stages of discharge, before the core rose to wel . 
crest level, all air entrained escaped in this manner, none of it being carried 
into the tunnel. 


(3) At high discharges, when the core nearly filled the bellmouth, w. ! 
no divide-wall inserted to kill the swirl in the supply channel, this swit 
induced the formation of a powerful counter-clockwise vortex at the centr 
of the core (Figs 5 and 6). Depending upon the angular momentum of th 
swirl in the supply channel, the single vortex became so strong and pro 
duced so great an indraft of air, that, as will be seen later, the maximun 
safe capacity of the spillway was reduced to about 75 per cent of the valu 
it attained with a well-placed divide-wall in position. With a divide-w: , 
inserted to kill the swirl, the tangential components of flow in the two halve 
of the supply channel caused the formation of two separate vortices ¢ 
opposite sense in the core-water of the bellmouth. Air indraft with tw 
vortices was very much less than with a single vortex, and, with the inter 
play of the twins, the indraft of air was intermittent, resulting in a leisurel 
rhythmic rise and fall of the surface of the core (Figs 7 and 8). During th 
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tulls in the interplay there was no indraft of air whatever, and the whole 
tunnel was seen to be running full-bore with “ black ” water throughout 
ts length. With one or other of the twins in the ascendant, the indrawn 
| air was to be seen as a separate stream flowing along the roof of the tunnel. 


ABSENCE oF ABRUPT AFFLUX 


_ In their independent calculations, both the Chief Designer and the 
_ Author anticipated the occurrence of an abrupt change from “ free ” to 
_“ full-bore ” flow, starting at the tunnel exit and running back to involve 
the whole of the tunnel and part of the elbow. It is of interest to record 
the fact that the model failed to exhibit any sudden afflux, either at their 
calculated value of 173-2 cumecs or at any other discharge. The rise up 
the bellmouth of a core of idling water actually took place gradually, with 
no abrupt changes, as the discharge was progressively increased ; and, on 
a failing discharge, retreated without the usual “ hysteresis ” effect. The 
Teason suggested for this apparently abnormal behaviour is that the tunnel 
/ was too short for the uniformity of flow, tacitly assumed in the calculations, 
| to become established before reaching the tunnel exit. With part-bore 
flow in excess of half-bore, the flow throughout the tunnel appeared to be 
hypercritical, the sectional area of the stream increasing, and its velocity 
decreasing, in the direction of flow. In these circumstances, if full-bore 
flow set in at the exit, the full-bore plug would not march upstream, as 
hs supposed, but would extend only a short distance upstream to a point 
a 


where it would be held stationary and under pressure by the greater 
"momentum of the hypercritical jet impinging upon it. In fact, no such 
_ plug was formed, possibly because there was always a flow of liberated air 
in the roof of the tunnel. 


ActTIoN IN STILLING-BASIN" 


In investigating the performance of the stilling-basin, tests were made 
‘both with, and without, the Rehbock deflectors of the prototype design. 
With the deflectors in, the standing wave was contained within the basin at 
“al discharges. With high discharges, however, the turmoil in the basin 
was very severe: the first line of dentated deflectors was intermittently 
xposed, and the surface-divide marking the end of the surface roller was 
"very near to the downstream end of the basin. Violent action in the basin 
was attended by massive upheavals resulting in heavy spilling over the 
side-walls. It was clearly demonstrated that to prevent spilling in the 
prototype it would be necessary to raise the side-walls by at least 1 metre. 
“The observed action strongly suggested the advisability of increasing the - 
capacity of the basin, either by lowering its floor, or by raising the level of 
4 he outfall weir. The effect of these two alternatives is examined below. 
In a test run made with the supply channel clear of gravel and a divide- 
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wall inserted, and with all deflectors removed from the stilling-basin, it was 
found that when the discharge attained a value of 272 cumecs, the hyper~ 
critical jet descending the parabolic chute began to intrude into the 
stilling-basin. With the discharge held steady, the buffer of the standin 
wave was driven, at first quite slowly and later more rapidly, along the: 
floor of the basin and up the reverse slope to the weir until it completely’ 
disappeared. It was found impossible to keep the wave in a stationary 
position anywhere in the basin by adjusting the discharge. As soon as the 
jet was strong enough to force an entry into the basin it was able to sweepy 
the wave over the weir, thereby completely stultifying the purpose of thes 
stilling-basin. Figs 9 and 10, facing p. 591, show the beginning and endi 
of this action. 4 

With a steady discharge of 272 cumecs passing over the spill-weirs, it: 
was noticed that the surface of the core-water in the bellmouth rose and felll 
by about + 1 metre from a mean position about 6 metres below spill-cresti 
level, so that with a varying working head on the tunnel system the dis+ 
charge entering the stilling-basin must have had a small slow pulse, although 
no such effect was revealed by behaviour in the stilling-basin. . 

In designing stilling-basins the Author has always considered it ad- 
visable, as a safety precaution, to neglect frictional losses on the chute, 
In this connexion it may be of interest to examine the observed behaviour 


Q denotes discharge . 9. 2. =: ss se sll UP le 
V » velocity at tunnel exit . jererpie, by 16-367 
V2/2g = kinetic head at tunnelexit . . . . .- 13-653 


q = Q/13-40 = discharge intensity . . . .- 20-299 
c = (q?/g)t = critical depth offlow . . . .- 3-476| 3-711 
7’ denotes total energy on weir-crest (see Table 2). 4-828] 5-130 
Add 
P denotes height of weir above floor of basin. . . 4-510 
i Pa T + P = total energy downstream of wave . 9-338 
y/le mos Pa Meu cg) «Sore Tey tee Tew ose . 2-686 
(7'z/c) taken from Table compiled by Author... 7-334 
Tz = (T'z/c) X c = total energy upstream of wave . 25-490 
F denotes fall from tunnel soffit to floor of basin. 11-995 
Add 
Ua AS ADOVGLs: st Wvelivertuauich Gin vesse tRael Lit aM 13-653 
Total energy at tunnel exit measured from floor of 
pagin idiieh Yio Of Tad* hatestanndcate wivesoose 
Cotipare Tp as aboven f7. 08 8 ee yl. es 25-490 


Frictional losses in chute 


(*) Crest of weir raised by 0-456 metre. 
(t) Floor of basin lowered by 0:507 metre. 
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ie type for a discharge of 300 cumecs. The alternatives suggested and 
~ examined below were : 


(i) Raising the outfall weir by 0-456 metre. 
(2) Lowering the floor of the basin by 0:507 metre. 


For the simple case of a basin of rectangular cross-section having a 
level floor, the unique relationship that exists between the dimensionless 
_ tatios (Tz/c) and (Z,/c) is readily computed from first principles. Corre- 
| sponding values shown in Table 3 have been taken from a Table compiled 
_ by the Author. 
y The above analysis of actual model-behaviour leaves a margin of only 
0-158 metre to account for frictional losses in the chute. As against this 
small apparent loss, the Chief Designer’s computed losses were 2-009 
~ metres for a discharge of 300 cumecs, whilst an independent calculation by 
_ the Author, using Manning’s formula with N = 0:01358, gave a loss of 
_ 2-210 metres for a smaller discharge of 283 cumecs. 
i Although the test result supports the recommendation to neglect 
_ frictional losses in the chute, it is felt that an explanation is required to 
account for the large discrepancy between apparent and calculated losses. 
In spite of its high velocity, the smooth appearance of the jet traversing 
_ the chute suggests that actual losses may well be much smaller than those 
“calculated from accepted formulae. A more plausible explanation is that 
_ the conventional method of evaluating the kinetic energy is not strictly 
correct; a more rigorous method would average the kinetic energy of 
elementary filaments, and, as is well known, if the velocity varies over the 


‘’ 


cross-section, the latter average may be substantially greater than the 


4 | Resutts oF Matin TrEsts 


The main object of model-tests was to predict. what water level in the 
reservoir would be required to pass various discharges through the spill- 
way, and, in particular, to ascertain the prospect of its passing 300 cumecs 
without endangering the safety of the earthen dam. Tests on the model, 
~ made with this object in view, were therefore of a very simple character, 
" requiring only the simultaneous readings @ of the spill-weir gauge, and of 
the V-notch gauge for computing the discharge Q. For this purpose, test 
‘runs were made with four separate arrangements of the model. These 
were : 

Arrangement (a)—supply channel devoid of gravel filling and no 
divide-wall inserted to kill the swirl ; 

Arrangement (b)—as above with divide-wall inserted ; , 
Arrangement (c)—supply channel filled with gravel to designed bed- 
level (1-1 metre below spill weir crest) and no divide-wall inserted ; and 
Arrangement (d)—as above with divide-wall inserted. 
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; 7 
The standard position of the divide-wall was on the ‘landward side of 
the spillway, directly opposite the centre of the 35-inch entrance, thereby 
dividing the circular basin of the model into two symmetrical halves. . 
preliminary trial having shown that the model behaviour was immufi 
from any “hysteresis” effect, all tests were made with progressivel 
increasing discharges. r 
With 1 cusec in the model representing 275-4 cumecs in the prototype,’ 
all results were expressed directly in terms of prototype performance } 
metric units. The results of five separate runs—those for (d) being; 
repeated—are presented in Tables 4 to 8. Curves drawn through observedi 
- 


TABLE 4 

Arrangement (a) 
a 4 
ote tT oe Remarks 7 
1:716 | 3-107} — | Weirs undrowned d 
1-790 | 3-241 | — ss a | 
1-785 | 3-232; — os bid ‘ 

1-630 2-952 — ” ” 
1-491 2-700 re ” 37 4 
0-606 | 1-098 | 40-47 | Weirs drowned : ‘ 
single vortex 7 

in core 


The decline in values of C is due to increasing swirl, and consequent starvation 0 
the weirs by strong action at the pier-noses. “4 


TABLE 5 


Arrangement (0) 


~ Remarks 
Weir undrowned 


ot | all € 13 


* This higher value of K compared with that of Table 4 is a measure of impro’ 
efficiency owing to suppression of the single vortex by the divide-wall. 7 


- DiscwarGe, 150 Cummcs; no Divripz-Watt. WAKE RIDGES DEFLECTED BY SWIRL 
IN SUPPLY CHANNEL 


Fig. 4 


DrvipE-WALLIN Piace. WITH SWIRL SUPPRESSED, WAKE 


DiscHarGeE, 150 CuMECS ; 
fe RIDGES CONVERGE RADIALLY 


DiscHarcE, 232 CumEecs ; No Drvipr-WaLL. SINGLE VORTEX VIEWED FROM ABOVE 


Fig. 6 


DiscHaRcE, 232 Cumucs ; No Divipp-WaLt (as IN Fig. 5). SrinaLE VoRTEX VIEWE 
FROM THE SIDE 


—— 


DrscuarGe, 316 Cumecs ; Drvipp-WALL In Prace. Corse-WATER IN BELLMOUTH AT 
Tor oF SWING 


Fig. 8 


DiscHarce, 316 Cumecs; Divine-WALL 1N Praon (as in Fig. 7). Corn-WATER IN 
BeLtiMoutse at Borrom or SwINe 


SOUND ZLZ : TOUVHOSI(T 


WAM TIVELAQ FHL ULAQ dang Naa 
SVH DAVA\ DNIGNVLG AHL YALAV NISVG-ONITTILG 


ar ‘bug 


=— % = 
. 


NISVQ-ONITTIILG FHL 
NMOC, GAOL OL DNINNIDAG GAV\ DNIGNVLG 
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z TABLE 6 
Arrangement (c) 


Q G 6) Of K Remarks 


274-0 | 1-609 | 1-578 | 2-858 | — | Weirs undrowned 

290-1 | 1-684 | 1-560 | 2-825 | — 3 5 J 

296-4 | 1-734 | 1-525 | 2-762 | — ee 9 

305-2 | 1-804 | 1-480 | 2-680 | 51-95* Intermittent 

; drowning : Single 
vortex in core. 


20 
“ 


__ * This higher value of K compared with that of Table 4 is due to a weaker whirl in 
_ the supply channel; a weaker single vortex ; and less air indraft. 


TABLE 7 
Arrangement (d): first run 


Q G C Cc’ K Remarks 
107-1 | 0-774-| 1-849 | 3-347 
126-0 | 0-864 | 1-842 | 3-335 
144-3 | 0-949 | 1-834 | 3-322 
163-3 | 1-014 | 1-877 | 3-400 
190-7 | 1-124 | 1-880 | 3-404 
211°5 | 1-204 | 1-880 | 3-404 
231-8 | 1-284 | 1-871 | 3-390 
253-4 | 1-349 | 1-900 | 3-443 
271-3 | 1-409 | 1-907 | 3-453 
288-5 | 1-464 | 1-914 | 3-466 + *5 
301-5 | 1-534 | 1-852 | 3-355 | — Ke o 
315-0 | 2-094 | 1-221 | 2-210} 53-4 | Weirs drowned : 

twin vortices 
in core 


Pi ela bey 


TABLE 8 
Arrangement (d): second run 


K Remarks 


—_— | | | | — 


3-412 |51-80*| Weirs not fully 
drowned: twin 
vortices in core 


ae 


__.* This lower value compared with that of Table 7 is due to the fact that drowned 
conditions were not fully established. 


Ni 


Se Se 
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results are shown in Fig. 11. The two runs made with (d) gave results so 
consistent that no distinction was made between them in plotting. 
Headings in the five Tables have the following significance : . 


Q denotes observed discharge converted to prototype, in cumecs. 

G denotes ee of N-gauge, in metres. 

C =Q/BG (B = 85-11 measured) = = weir coefficient in metric units. 

Cc’ =1-811C = weir coefficient in British units. 

K =Q/(@ + 32-71)! = coefficient of discharge of tunnel system for 
drowned conditions. 


. 


Fig. 11 


vl flue oe 
Poe 
| e319 Se 
eT 


22 


Gi: HEIGHT OF WATER SURFACE IN RESEVOIR ABOVE WEIR-CREST: METRES 


Q: DISCHARGE IN CUBIC METRES PER SECOND 


Curves SHOWING Ruservorn LeveL AND SpPrLLWay DiscHaRrGR FoR Four 
ALTERNATIVE ARRANGEMENTS OF SUPPLY CHANNEL 


Fig. 11 shows that curves for arrangements (¢) and (d) relating to the 
shallow supply-channel of the prototype design give results intermediate e 
between the two extremes—curves (a) and (b)—obtained with the deep 
experimental supply-channel. The effect of inserting a divide-wall in the 
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optimum position is seen to be much greater for a deep channel than for a 
_ shallow channel. Tables 4 and 5 show that for the same gauge reading of 
_ 1-494 (slightly less than the designed value of 1-50) the effect of introducing 
a divide-wall into the deep channel is to increase the safe capacity from 
_ 231-6 to 316-4 cumecs, that is to say, by nearly 37 per cent. Conversely, 
_ the result of omitting the divide-wall would be disastrous; as shown in 
A Table 4, a spillway discharge of only 241 cumecs would suffice to give a 
- gauge-reading 1-294 metre in excess of the designed maximum value, and 
__ a slight further increase of discharge would inevitably result in the topping 
and destruction of the earthen dam. Moreover, even with a divide-wall, 
_ so much would depend upon its being placed in the best position that, in 
__ the present case, no recommendation for deepening the supply channel 
_ could be made without first ascertaining the best position for the divide- 
_ wall, by making further tests on a small model reproducing the exact 
_ topographical features of the prototype. 

_ With a shallow channel such precautions appeared to be unnecessary. 
The curves of Fig. 11 indicate that with the well-placed divide-wall of 
arrangement (d), the passage of a maximum discharge of 800 cumecs would 
_ be attended by a negligibly small excess of only 0-02 metre in the gauge- 
_ reading G; whilst if the divide-wall were omitted as in arrangement (¢) 

_ the excess reading would be no greater than 0-26 metre. It appeared 
_ reasonable to infer from these results that a moderate error in locating the 
_ divide-wall would be unlikely to have any serious consequences. 

In the light of the results obtained, it was therefore recommended that 
the supply channel should be excavated to the original design, and that a 
_ divide-wall should be placed across the channel on a line drawn through the 

_ centre of the spillway, normal to the contour-lines of the side-slope of the 
_ river valley. 


Weir CoEFFICIENTS 


In estimating the value of G as 1-5 metre for a discharge of 300 cumecs, 
_ the Chief Designer assumed a metric coefficient of 2-0, that is to say, 3-622 
in British units. As is well known, in round-crested weirs the value of the 
coefficient, expressed as C = Q/BG?, increases with discharge at a fairly 
rapid rate. 

Except in the case of arrangement (c) in Table 6 where no readings 
were taken on low discharges, it is seen that the coefficient increases to the 
maximum and then decreases. For example, the decline in the values of 
C’ in Tables 4, 5, and 7 is shown in Table 9 in British units. 

In all cases, the normal tendency for the coefficient to increase with 
discharge is overcome by the progressively stronger effect of end-contraction 
| due to oblique approach. As was to be expected, the decline is much 

_ greater in the absence of a divide-wall to kill the main uni-directional swirl 

in the supply channel. That a smaller decline also occurs when a divide- 
wall is inserted, is due to the fact that in this case it is only opposite the 
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entrance, where the stream bifurcates, and in the vicinity of the divide 
wall, that approach to the sub-weirs is radial. Elsewhere, and particular! y 
near the entrance, there is still a strong tangential component of flow in the 


TABLE 9 
Arrangement | Table From To 
(a) 4 | 3-241 for@ = 144-1 2-700 for Q = 231-6 
(0) 5 3-800 ,, », = 233:0 3-688 ,, ,, = 316-4 
(d) 7 |3-453,, ,, = 271-3 3-355 ,,,, = 301-5 


supply channel. It will be noted that, in spite of this effect, arrangement 
(b) with a deep channel still gives the average coefficient a higher value than 
that assumed by the Chief Designer ; whereas, with the shallow channel of 
his design the coefficient falls to a value some 7} per cent smaller than he 
assumed. : 


TUNNEL-SYSTEM COEFFICIENTS 


Below are shown, in ascending order of magnitude, the values of the 
tunnel-system coefficient K = Q/(G + 32-71)? obtained from observations 
taken when the weirs were drowned and the gauge reading G was de-_ 
pendent not upon the weir coefficient, but upon the working head H = 
(@ + 32-71) on the tunnel-system required to pass the discharge observed. 
By way of comparison, values of the working head H = (300/K)? required 
to deliver a standard discharge of 300 cumecs, have been computed for the ~ 
four different arrangements. . 


TasLe 10 


Arr t | Tabl K H = (300/K)2 | Supply | Divide 
angemen’ ‘able (300/K) iy Waa fe 


40-47 55-0 Deep | Out | Single 


(a) 4 

(c) 6 51-95* 33-3* Shallow | Out Ve 
(d) a 53-40 31-5 as In Twin 
(b) 5 53-80 31-1 Deep In “A 


* In the case of arrangement (c) the weirs were not fully submerged. If they had 
been, K would have had a smaller value, and H a larger, than those shown above. 
With this reservation, the figures serve to show the great effect a single vortex has in 
reducing the potential capacity of the tunnel-system. n 

With twin vortices playing in the bellmouth, resultant spin and air 
indraft are slight and intermittent: with a single vortex (Figs 5 and 6), 
air indraft is copious and continuous, and a strong left-handed spiral flow 


“a 


< 
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persists along the greater part of the tunnel. Although air indraft plays 


_ a part by reducing the sectional area of the water-stream, it would appear 


that it is the spiral flow of the stream, rendering only the axial component 
of velocity effective, that is the main factor in reducing the value of the 
coefficient K. 


Normat FLoop PERFORMANCE 


The Chief Designer was anxious to obtain confirmation of his expecta- 


tion that a normal flood of 150 cumecs would be passed under atmospheric 


{that is to say part-bore) conditions of flow. Actually, as already stated, 
the usual phenomenon of sudden breakdown with afflux did not occur in 
any of the tests. Instead of this, the bore of the tunnel was first filled by 
a muff of water enclosing a pocket of air which formed at an early stage, 
under complex conditions of flow, a little downstream of J1 where the 
elbow gave into the slow bend. When this took place, a small core of 
richly aerated water made its appearance in the throat of the bellmouth. 
As the discharge increased, the core rose quite steadily into the bellmouth 
without any abrupt changes. At the normal flood stage of 150 cumecs, 
the core stood at a steady level about 6 metres above JO (the base of the 
shaft). Piezometer readings showed steady pressures: T'1 a negative 
pressure of about 1-8 metre of water: 2 a negative pressure of 0-5 metre, 


- and [3 virtually atmospheric pressure. 


It was considered that the conditions observed offered no threat of any 
action likely to cause damage to the lining of the tunnel. 


PrezoMEtTric MEASUREMENTS 


Measurements of pressure in the elbow were made by connecting mano- 
meters to the four piezometric tappings shown in Figs 2, p. 577. 
For measuring vacuum pressures at tappings I'l to T3 a U-tube air- 
manometer was used, the tappings being connected in turn. For measuring 


_ positive pressures at I'4 a water-manometer was permanently connected to 


this tapping. A second water-manometer was used for measuring positive 


‘pressures at T3 when the elbow was running full-bore at this point. 


Readings taken with the three alternative arrangements, (a), (6), and (d) 


-are shown in Table 11. 


The pressure-heads at piezometric tappings T1 to T4 are measured 


(AT) by U-tube air-manometer, or (WT) by water-manometer, with 
_ arrangements : 5 


(a) deep supply-channel with no divide-wall ; ese 
(b) deep supply-channel with divide-wall in place ; and 
- (d) shallow supply-channel with divide-wall in place. 


TABLE 11 


Pressures in prototype : 
metres of water 


AT3 | WT3 
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(a) — 0-74} + 0:08; — —_ + 5-78 
ie —1-50| +0-25| — nil 4001 
ie + ae mouth at height 
ei + 8-61 H above top 0 
2 So bend, Full-bo 


flow in tunnel. P 


() —— _— +461 — Air pocket alo 
Pe ero |+010| — _ + 6-31 —_ roof of bend 
a — 1:15 |= 0-30]. — ae ee i 
* — 1-60] — 0-80}; — —_ + 8-68 —_ : 
Core in bell 
*3 —440|—2:10;| — — + 8-36 | 10-0 mouth at height 
a — 6:50|— 1-75) — —_ +10:11 | 10-5 H above top 0: 
“5 — 8-80} — 2:00) — — |+14-21-|12-0 bend. Air pock- 
et in bend, : 
* — 9:30} — 3:05) — — |+14-81 | 13-0 Full-bore flow in 
ny — 8-10] — 2-80] + 1-00] + 1-71] + 15-86 | 17-0 
” — +191; — . 
/ — |4+2-74| +1691 (| # 


| | | 


No core: air 


(d) zero 40:3 +451 oo a 
ue — 1-20] — 0-20) +025] — | +620 spain core, 
t ‘ 
— 4-80] — 1:50; — 0-60) — eit pocke 
- — 10-70} — 1-00| + 1-50} — |-+ 10-64 bend interna 
‘ — 11-50| —0-25|+ 2:00] — |+13-11 ty Nockagall 
horizontal bend, — 


++ 
= 
oe | 
s= 


Prefixes A and W indicate the use of air- and water-manometers 
respectively, Results obtained for arrangements (6) and (d) only are 
plotted in Figs 12, These show discharge and water-column pressures in 
terms of the prototype. Taking a column of 10 metres of water as repre: 
senting a pressure approaching to a perfect vacuum, it is seen that this 
condition is attained or exceeded only at tapping T] near the upper end of 
the elbow. 


Table 12 represents an attempt to ascertain the cause of low pressures 
at T1. 

Neglecting small frictional losses in the bellmouth, water falling from 
the surface of the core (H metres above this section) into a region at 
pressure (—A7'1), would acquire the velocities shown in the Table. The 
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Curves SHowine PRESSURES IN ELBow For DirrERENnt DiscHaRGEs 


area a = Q/V, which may be designated, “ the apparent effective area of 
the jet,” is in all cases found to be substantially less than the full area of — 
16-60 square metres of the throat, as indicated by the tabulated values of 
er 
16-60" 
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TABLE 12 


Calculation of velocity and sectional area of jet at top of vertical bend for 
arrangements (a), (b), and (d) respectively 


remeron toe 


om 


AACA 9 | oe 
ment q | # |—am| #4 471 |V¥ =V29(H + AT1)\a =| 16-60 


(a) 194 | 95] 46 
2 211 |18-0| 36 
as 232 |19:0| 3-35 
(b) 233 |100| 44 
s 252-5|10-5 | 6-5 
i. 272 |12:0| 88 
g 288 |13-0| 93 
es 303 |170| 81 
“ 316 |20:0| 10-0 

(d) 233 |14-0| 10-7 
x 254 |15-5 | 11:5 
E, 288 |18:0| 11:5 

; 9-2 


The values of Q, H, and AZ’! taken from Table 11. 


The presence of some air in the throat section at all stages of discharge 
is responsible for some reduction in area, but certainly not to the extent 
indicated in the Table. 
The effect of spiral flow in the throat has also to be considered. Values 
of V as calculated must be regarded as resultant velocities: with spiral 


in the ratio of the secant of the angle of obliquity of the spiral. This would 
explain why arrangement (a) with its strong single vortex shows lower 
values of a than does arrangement (b) with its opposing twin vortices. 
The smaller maximum capacity of arrangement (d) compared with that of 
arrangement (b) is only to be explained by its higher vorticity, as is indi- 
cated by lower values of a in the Table. 

The Author is not satisfied that the two reasons considered above 
suffice to explain the low values of a/16-60, particularly those exhibited by 
arrangements (b) and (d). It is doubtful whether centrifugal action can 
take effect at a section so close to the beginning of the bend, and it seems 


to the bellmouth is not good enough to prevent the formation in the thro at 
of a vena contracta. 


The Paper is accompanied by eight photographs, and four sheets of 
diagrams, from which the half-tone page plates and the Figures in the text 
have been prepared. 
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Discussion. 


_ The Author introduced the Paper with the aid of a film and lantern 
slides. 
_. MrH.D. Morgan observed that some of the problems involved in the 
design of the Fassideri project had been such that they could be solved 
_ only by means of a model. An earthen dam, or any large dam which incor- ~ 
_ porated a spillway of the closed-tunnel type, whether bellmouth or other- 
"wise, placed considerable responsibility on the designer, because a tunnel 
had a definite upper limit of discharge. An open spillway, whether it was 
one with gates or simply a weir, always had something in hand ; the water 
level might rise a little higher than was desired, but there was always a 
little freeboard to spare, and the discharge was increasing very rapidly 
with the head, so that if the flood-discharge pipe were not quite right there 
/ was still a kind of safety valve. With a discharge tunnel, on the other 
hand, there was a definite upper limit. 
He himself had had to design a dam quite recently for a tropical country 
_with very heavy rainfall, and it had been necessary to use discharge tunnels, 
He had felt a little worried about it. After all, flood prediction was 
extremely difficult ; it could be done only on a statistical basis and, as a 
tule, the necessary information was not available. Records were very 
frequently pitifully meagre, and a decision had to be made as to what would 
onstitute a catastrophic flood. The design might be based on a 1,000-year 
eriodic or a 500-year periodic, but that did not mean that the catastrophic 
ood might not occur the following year. 
-. The dam of which he was speaking was a rockfill dam and had a road 
across the top. It had been designed so that if there were at the worst 
18 inches or 2 feet of water over the road it could go down the bank without 
doing any harm. 7 ; 
He was familiar with the model described by the Author and found 
“it extremely interesting to watch in operation. The most striking thing 
was the vortex action by which some of the available potential energy of 
head was wasted as kinetic energy of rotation, and the discharge therefore 
‘suffered. It would be recalled that Dr W. C. Unwin deduced a rational 
formula for the discharge of a flat-topped weir by assuming the flow- 
filaments to be sensibly parallel to the crest and the stream of depth #. 
; { The discharge Y was then written down in terms of ¢ and the assump- 
tion made that it would adjust itself until @ wasa maximum. By different- 


‘ ; d ; 
jiating and putting as = O, a value of ¢ was found for maximum Q. 
J P b 


Phat gave t = 2H and the formula followed. In the case in question, how- 
ever, a similar line of reasoning failed because of the vortex occurring. 
Even in open water, without any initial tendency to rotation—though 
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that was present, of course, with the spillway—a vortex would form 5 | 
the slightest eddy would tend to start a vortex in one direction or the: 
other. The model clearly showed the astonishing amount of ene ey f 
which could be lost by that action. It was possibly somewhat disappoint- - 
ing, having put in a dividing wall, to get a pair of vortices ; it seemed to: 
be a most persistent action, which was very difficult to kill. : 
On the subject of the basin at the bottom of the spillway, Mr Morgan . 
observed that that also presented a problem which was not susceptible ' 


of analysis. The only way in which it could be dealt with was on a model. 


The model described by the Author had been extremely interesting, , 
because one might spend months making drawings of all kinds of spoiling t 
devices and still be no nearer to a definite solution, but one could get it | 
on a model, and one had in the case in question almost perfect dynamic 
similarity. ; : 
Finally, Mr Morgan said that it was a great pleasure to see the Hydraulic } 
Research Station getting under way. Great Britain had at one time lagged | 
behind in such research. There were as good brains in Great Britain as | 
elsewhere, but no-one had bothered about that subject before. He was: 
very glad to see the present example of what could be done in an investi- 
gation of the kind in question. 4 
Mr Gerald Lacey drew the Author’s attention to a Paper by the late 
Mr W. J. E. Binnie,! a Past-President of the Institution. That Pape 
had been published a year before the earliest Paper quoted by the Auth 
and it would surely be a source of pleasure to members of the Institution 
that the first Paper on the subject had been presented by a member who 
afterwards became President. It was of great interest to note that o: 
of the matters to which Mr Binnie particularly referred was the difficulty 
of the vortex. Mr Binnie’s Paper dealt at considerable length with the 
influence of a curtain wall dividing the bellmouth into two semi-circular 
weirs. In other words, he had found exactly the same difficulty as the 
present Author and had dealt with it not by one divide-wall but effectivel 
by two, or rather, by means of a single wall which went straight across 
the bellmouth, and followed the curve for a short distance down each side 
Mr Binnie had not had the separate piers which were characteristic of th 
bellmouth of which the Author had spoken. 
One matter which puzzled Mr Lacey a little was the question of the 
rugosity of the tunnel both in the prototype and in the model. Th 
Chief Designer had felt nervous about the question of the correct value 
Kutter’s N to adopt. Kutter’s equation was hardly applicable to pipe 
and perhaps Manning’s would be better; but if a figure such as 0-01 
was quoted for Manning’s equation for a pipe, before that could be inte 
preted it was necessary to know the discharge, the diameter, the Reynolds 
Number, and the temperature of the water ; because until that informati 


1 'W. J. E. Binnie, ‘“‘ Bellmouthed Weirs and Tunnel Outlets for the Disposal 
Flood Water.’” Trans Instn Water Engrs, vol. XLII (1937), p. 103. a 
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‘was available one did not know whether one was dealing with smooth or 
“rough turbulent flow. With rough turbulent flow, Manning’s rugosity 
~ coefficient implied a relative rugosity which was easy to understand, but 
if one were dealing with smooth turbulent flow and applied Manning’s 
_ equation, Manning’s N had nothing to do with the roughness, and had to 
_ be interpreted in terms of the Reynolds’ Number of the fluid. Mr Lacey 
; would like to know, therefore, whether in the case in question there had 
_ been full turbulence both in the model and in the prototype. He imagined 
that there must have been, but he was perturbed by the extraordinary 
_ difference between the Author’s estimated losses down the chute, and the 
~ actual losses which had been encountered. The Author said that the 
flow was very smooth, but was it smooth turbulence or rough turbulence, 
_ or was the flow down the chute a particular type of flow about which very 
little was known? It was curious that the calculated losses for the proto- 
_ type were about 2 metres, whilst those measured from the model were 
only about 0-2. That was very surprising, because if one did not get those 
losses in the prototype the standing wave would be pushed right out of the 
basin. 

a Mr Lacey wondered if, should there be a real danger of that occurring 
| in the prototype, there would be any objection to roughening the chute, 
and making some attempt to dissipate part of the energy on the chute 
_ itself. He had been concerned with computing the losses on the glacis 
- upstream of the standing wave on the floor of a large barrage, and in view 
_ of the difference between the Author’s calculations and the actual model 
"results he would very much like to know how that could be done accurately. 
In the particular example, he thought that it would have been a definite 
“ advantage to roughen the chute. 

- MrG.A. J. Young said that he had had some connexion with the Fassi- 
deri model project in its early days and also had recently been conducting 
model investigations on two similar bellmouth-spillway projects in the 
laboratory of the British Hydromechanics Research Association at Harlow 
in Essex. He would like to refer later to some interesting points which 
“had arisen from those investigations, but first he wished to discuss two 
_ points which arose from the Paper. 

On p. 581, the Author had compared the frictional losses in the model 
with those in the prototype. He had assumed values of Kutter’s N of 
0-009 for the perspex tunnel and of 0-0136 for the concrete tunnel of the pro- 
“totype, and had argued that the frictional losses in the model were about 
50 per cent higher than those in the prototype. On the strength of this 
argument, he had increased the slope of the model by about 50 per cent 
in order to ensure similar conditions of flow throughout the whole range of 
_part-bore flow, and had also shortened the model tunnel by 34 per cent 
‘in order to ensure similarity in the region of full-bore flow. 

S. Fig. 13 showed the familiar Moody diagram in which the friction factor 
‘fin the d’Arcy formula was plotted against the Reynolds’ Number. The 
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value of Kutter’s N equal to 0-009 assumed for the model perspex pi 
corresponded to a value of f in the d’Arcy formula equal to 0-0207, whi 
was about 45 per cent higher than that for a smooth pipe at the modeb 
Reynolds’ Number of 3 x 10%, and corresponded to a relative roughness of 
0-001, which meant an equivalent sand roughness of about 0-005 inch. 
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The experiments which had been conducted at Harlow with a 6-ine 
diameter perspex pipe had shown that the perspex pipe might be regard 
as hydraulically smooth, giving a friction factor f in the d’Arcy form 
of 0-015 at a Reynolds’ Number of 2-6 x 105, which corresponded to 
value of Kutter’s N of 0-0075. | Hola a) tobe 

It would be interesting to know whether the Author had made 
measurements of the frictional losses in his model perspex tunnel, at 
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if.so, whether they confirmed the rather high value of Kutter’s N which 
-hehad assumed. If in fact the model tunnel might be regarded as smooth, 
then the value of f for the model was 0-0145, and the value of f for the 
prototype, corresponding to a Kutter’s N of 0-014, was 0-0147. That 
would indicate that it was perhaps unnecessary to tilt the model tunnel 
_and to shorten it. 
- On p.595 the Author had discussed the pressures measured along the 
elbow at the entrance to the tunnel. Fags 12 indicated that the pressure 
_on the inside of the elbow at the entrance would fall to a value approaching 
the vapour pressure of water, and that cavitation might occur. It should 
perhaps be pointed out that the model as it stood would not reproduce 
those cavitation phenomena, since the absolute pressures occurring in the 
model were relatively too high and did not approach the vapour pressure 
of the water. Those cavitation phenomena could be reproduced on the 
model either by reducing the air pressure above the free water surface, so 
that the absolute pressures were to scale relative to the water vapour 
“pressure, or by raising the water vapour pressure by using boiling water. 
_ The former had been tried successfully, but Mr Young had not heard of 
any attempts at the latter. 
' Referring to the experiments at Harlow on a model of the spillway for 
the Weir Wood Reservoir scheme, Mr Young said that the scheme had 
been designed with a mitred elbow at the entrance to the outlet tunnel, 
as shown in Figs 14. At low discharges (less than 500 cusecs), when there 
was no core of water in the overflow chamber, the nappe left the bottom 
of the conical overflow chamber as a free annular jet and impinged on a 
‘local area of the tunnel floor. These jets had a high velocity, and it had 
‘been feared that their continued action over a small area of the floor 
might lead to undesirable wear. 
- Jn order to reduce that effect, various forms of deflector ring had been 
inserted near the bottom of the cone, and the arrangement finally adopted 
_ was shown in Fig. 15. The water flowing down the sides of the overflow 
- chamber was deflected upwards by the chamfer on the ring and in towards 
the centre, where the jets from opposing sides collided and the water 
fell like heavy rain from a height corresponding to about 20 feet in the 
prototype, on to the floor. It had been felt that that arrangement would 
- minimize the wear on the tunnel floor at the entrance to the tunnel. When 
the tunnel was running full bore and there was a core of water in the 
' overflow chamber, the ring, with its nozzle-shaped entry, offered very 
little additional resistance and had a negligible effect on the maximum 
capacity of the system. The small radius provided at the entrance to the 
; vertical portion of the tunnel offered no additional resistance which could 
be measured. ; 
It would be appreciated that the maximum discharge which the system 
could safely carry was determined by the overall resistance of ‘the bell-. 
mouth, mitre bend, and outlet tunnel under full-bore conditions. In the 
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and it had been 


en found that the losses in the mit 


particular scheme in question it had be 
elbow represented about 45 per cent o: 


f the total losses, 
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y could be increased by about ‘ 


per cent if the mitre elbow were replaced by a circular bend. — 


estimated that the maximum capacit 
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a That had been tried on the model, but had been at first unsuccessful, 
because the outlet tunnel did not fill, even when the overflow chamber 
_ was full and the weir drowned. That appeared to be explained by the 
fact that the water flowed round the outside of the bend with a high 
velocity, whilst separation occurred at the inside of the bend, and the flow 
es was hypercritical throughout the whole length of the tunnel. It had 


Fig. 15 


Fig. 16 
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Prority or Hump INSERTED NEAR TUNNEL OUTLET 


been found that the tunnel could be filled by creating a hydraulic jump 
near the end of the tunnel, which would cause the tunnel to run full-bore 
at outlet. The rest of the tunnel would then fill as the hydraulic jump 
- progressed upstream and the entrapped air was removed by a process of 
entrainment of air bubbles in the rollers of the jump. ie 
In order to create a hydraulic jump at the end of the tunnel a hump 
was inserted just inside the end of the tunnel, as shown in Fig. 16. The 
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effect of those modifications on the maximum capacity of the systen 
was shown in Fig. 17. Curve H was the calibration obtained with the 
original mitre elbow. Curve K had been obtained with the circular benc 

at the entrance to the tunnel, when the tunnel was made to fill artificially 
by inserting a temporary obstruction which was then removed. ‘The 
tunnel had then filled itself of its own accord. Curve M referred to 
arrangement of the circular bend with the hump at the end of the tunn i 
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CALIBRATION OF OVERFLOW WEIR witH CrrouLaR BEND AT ENTRANCE TO TUNNEL 
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resistance of the hump under the full-bore conditions. 
Professor Herbert Addison, referring to the film which 1e 
Author had shown, asked whether any special technique had been involved 


staff of the research organization. 
Had the experiments thrown any light on the question of the minimum 
ratio between the bellmouth diameter and the pipe diameter? The wha 


The spillway was a kind of enlarged balimontha It would be. very ex 
pensive to construct, and the smaller the diameter of the spillway in rela 
tion to the size of the pipe the less expensive the whole construction woul 
be. Had any information been gathered as to what was the — 1m 
size, and could the spillway diameter possibly have been reduced, thereb: 
reducing the cost of the complete structure ? 

Referring to the question of the relative friction factor in the wale YE 


AND OUTFALL OF THE FASSIDERI PROJECT 607 


and in the model, he asked whether it was really completely permissible 
to treat the pipe as a normal long straight pipe. Before reaching the 
pipe the water had had a rough time: it had come over the spillway 
and been very much disturbed by the vortex, and had then come round a 
bend ; by the time that it got into the straight pipe, was it in a condition 
to obey the normal laws which might be expected to apply to a straight 
pipe? Until that was definitely known, he was not sure that merely to 
take values from curves applying to long straight pipes would be com- 
pletely admissible. 
_ The Author, in reply, said that Mr Morgan had referred to the diffi- 
ty of predicting the magnitude of the maximum flood ever to beexpected. 
With a device such as a bellmouth spillway or a siphonic spillway, liable 
o a rapid rise of surface which was certain to wreck an earthen dam, 
it was imperative to be on the safe side. M. Michalopoulos, the Chief 
Designer, just doubled for luck; his records led him to believe that he 
would never get anything more than 150 cumecs, and so he proceeded to 
design for 300. The Author thought that that was a pretty good guess 
and should be safe. On a statistical basis there was no limit, but to double 
| for safety seemed to be a good rule. 
; = It depended, of course, on the nature of the phenomenon, but he could 
' give an example from his own experience. He had spent most of his 
ife in India, and was for a long time on the Jhelum, the most northerly 
the Punjab rivers. He had been posted there as a young man in 1907 
‘ing the construction of a new canal, when great pains had been taken 
ascertain what the maximum discharge of the river would be at the site 
the canal regulator. It was an unusual type of regulator for the Punjab 
a structure about 100 feet high and designed for 60 feet of rise. That was 
cause it was in the submontane region where the river was swift, and 
ere was four or five times the rise which occurred in the plains. The 
gulator had been constructed on the assumption that 500,000 cusecs 
s the biggest discharge that the river could ever attain. The regulator 
d been designed for a 60-foot rise and 10 feet of freeboard, but in 1929 
| there had been a flood of 900,000 cusecs, just short of double the previous 
record. It topped the whole structure by 24 feet and severely damaged 
th flanks, but by the grace of God it went down just in time to prevent 
e work being outflanked and flood-water entering a cutting about 100 
et in depth, when it would have devastated the whole countryside. 
It was obviously impossible to lay down any hard and fast rules, but 
t was clearly imperative with a bellmouth spillway to make sure that it 
uld do its job of protecting a very vulnerable structure such as an earthen 
m, so that it must never be allowed to reach the stage of rapid rise. If 
ubling it would not do, one must treble or quadruple it. Engineers had — 
been accustomed to factors of safety of 4, and, if uncertain, would even go ~ 
10. iz 
. Mr Morgan had spoken of the principle of maximum discharge of a weir. 


608 DISCUSSION ON MODEL-TESTS ON THE BELLMOUTH-SPILLWAY 


gag a 
It might be of interest to mention that Professor A. M. Binnie had su 


gested a similar principle for a bellmouth in terms of the single vorte 
The bottleneck was at the throat, and one might cut away the lowe 
part (see Fig. 18) and consider the vortex discharging into air. Professo 
Binnie had worked out (for a given value of the head H and a given spin ( 
expressed in terms of C = VR) the size of the core which gave the maxim 
value of discharge, and he had demonstrated by a number of observatioi 
that his theory held good. - 

The difficulty arose in measuring the spin. He had had to measure th: 
piezometric head at the throat, but his results had vindicated the truth o 
the theory. The interesting point was that there was no limit to the 
reduction in discharge. Keeping the head fixed, if more spin was put inte 


Fig. 18 


2 - See e e e 


the vortex the water wall at the throat became thinner and thinner un 
it was a mere film, so that there was no limit to the reduction of dischai 
that could be caused by spin. Keeping the head constant, one could ge 
any discharge one liked, from a bellmouth full of “ black” water and 
spin down to zero with infinite spin. In Professor Binnie’s experiment 
he had set up an arrangement whereby he could admit the whole or un 
fraction of the supply peripherally, and the remainder radially. — 
compared with the 25-per-cent reduction obtained on the Fassideri mode 
and the 25-34 per cent that Mr G. M. Binnie had found in his models f 
the Jubilee siphon, Professor Binnie, by imposing a particularly sev 
spin, got down to a discharge of one-thirteenth of the discharge whic 
would have been obtained under the same head with “ black ” water an 
no spin. 

The Author understood Mr Morgan to say that he distrusted theory 
regard to the standing wave and that it would be necessary to use a mot 
as a guide in designing the stilling-basin. The Author did not enti 
agree, because the theory of the standing wave was based on the mom 
tum principle. Viscosity did not come into it ; it was purely a question 
momentum. He felt that it was one of the few cases where theory wo 
give a fairly reliable answer; worked out on the momentum principle 
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gave a dimensionless relationship which was fairly correctly reproduced, 
whatever the scale. 

- He apologized for not having read W. J. E. Binnie’s Paper. He had 
“seen an excerpt from it, but had not had an opportunity of studying the 
whole Paper, He would make a point of doing so. He understood Mr 
_G. M. Binnie’s Paper purported to be an elaboration of those results, but 
he could not say that definitely, not having read the earlier Paper. 

_ With regard to the relative rugosity of the prototype and the model, 
he expected to get the support of every engineer in regard to what the 
physicist might mistrust. He had assumed that engineers, with their 
practical methods of approach, could be fairly certain in assuming a value 
of N, and at the time he chose it he felt that he could not, for very shame, 
go lower than 0-009 for perspex. It had to be a guess. He had to admit, 
however, that he had not gone low enough. He had analysed some of 
Mr G. M. Binnie’s results, using pipes of machined white-metal having 
perhaps about the same degree of smoothness as perspex, and he had worked 
sack to see what roughness, expressed in terms of Manning, was required 
to account for the low heads with high discharges which Mr. G. M. Binnie 
had obtained under “ black ” water conditions. It called for an N for his 
pipes of about the order of that which Mr Young had mentioned, 0-0075. 
"The Author admitted that his figure of 0-009 was too high; it over- 
estimated the losses and, low value though it was, he thought that it ought 
to be considerably lower for the perspex. That meant, presumably, that 
ie had not been justified in making the adjustments of slope and length 
hich he had made, or that he had not made them in a correct manner. 
‘If he revised the value of N which he had taken for the perspex, he would 
have to revise that adjustment. Otherwise, he felt that the method adopted 
eally involved two engineering guesses based on experience. A guess 
ich would be safe for the N of a 15-foot-diameter circular concrete-lined 
mnel would not be reliable for the smooth material. He had had support 
or his figure of 0-009 from Professor Allen, who, in his Table, gave 0-01. 
With regard to Professor Addison’s inquiry about the film, the work 
d been done by Mr Guthrie, the officer in charge of the Central Photo- 
raphic Section at the National Physical Laboratory, and particularly by 
ir Williams, who spent a great deal of time with a camera which possibly 
ould have been very considerably improved upon, because it was only 
pable of taking a 1/32-second exposure ; to do justice to models of the 
ype in question the exposure should be much more rapid. The film could 
so, no doubt, have been greatly improved by charging the water with 
Jluminium powder. 

Mr Gerald Lacey had expressed some doubt with regard to the sort 
f losses likely to be obtained on a steep slope like the face of a high dam 
ora chute. The use of specially rapid photography had revealed that very 
. peculiar things happened. A series of what promised to be very interesting 
articles had just commenced in La Houille Blanche on the subject of the 
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those which would be obtained by normal methods of calculation. 
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theoretical approach and practical investigation into the behaviour of 
water descending a chute. The Author had seen photographs which sug- 

gested what happened. They were amazingly rapid, so rapid that they 

revealed what the human eye could not possibly detect, namely, that at a 

certain distance down from the crest, where the boundary layer had 
expanded to fill the whole section of the stream and come right to the 

surface, the water was simply a mass of little curly eddies looking almost: 
like gravel. The water was apparently disintegrating. It just broke up: 
and atomized into“ white ” water. How that affected the frictional losses: 
he could not say, but that was what appeared to happen. Many people: 
would have observed what happened in the case of a waterfall. There was: 
a fall of rather low capacity in Natal with a sheer drop of 365 feet, and,. 
depending on how much water was passing over, there was complete; 
atomization in a free falling jet, just like water from a tap. There was a! 
solid nappe descending a certain distance, and then the whole thing broke: 
up, without being in contact with any boundary, and simply disintegrated. 
He thought that some very valuable information would probably be: 
obtained from the series of articles which had been started in La H. or 
Blanche, and it might reveal that the losses were entirely different fr 
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Professor Addison had asked whether the tests had established any 
relationship between the diameter of the tunnel and the diameter of t 

spillway. The two diameters were entirely independent, and that of the 
spillway could be made as broad as one liked. The tunnel-cum-bellmouth 


system could not be allowed to take charge; the water could never 


allowed to gorge the bellmouth. It was simply a problem, therefore, 
ascertaining the discharge over a weir of given length. If one wanted 
reduce the head one would simply adopt a larger diameter ; on the other 
hand, if one could afford a greater depth over the weir one could economi: 
on the diameter of the mouth. It had very little connexion with t 
designing of the rest of the tunnel system, because in any case, whet. 
one built to one width or another, one designed for “ black’? water con: 
ditions, and the loss of head in the bellmouth was almost negligible com: 
pared. with the losses in the rest of the system. It was not possible, there 
fore, to establish any connexion by experiment between tunnel diame 
and the diameter of the mouth, which was at the option of the design 
depending on what depth over the spillway he could afford. . 
Professor Addison had raised a very interesting point when asking hoy 
an emulsion behaved and what would be the frictional loss, The o1 
possible way to design a bellmouth spillway or a siphonic spillway wai 
however, on the basis of “‘ black” water. That was an ideal conditio: 
which could never be attained, but it represented the limit within whi 
it was necessary to keep. It was not until discharges became smaller th 
that ideal that emulsification, low-pressure pockets, discontinuous pocke 
of air, etc., began to appear. It was of course conceivable that there co 
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q be obtained such a high degree of emulsification that it would require a 
_ bigger head to pass the less dense material than would be required for 
| “black” water, but he did not think that that was probable. 

_ _ All sorts of very peculiar things happened, and he did not think that a 
model could possibly tell the whole truth. A model could not be expected 
_ to give a correct picture with regard to the proportion of admixture 
_ between air and water at different stages of discharge, or the way in which 
an emulsion would behave. He had seen a number of fairly large spillway 
siphons working, and they never worked with “ black’ water—always 
eewith anemulsion. So far as his observation went, he would say that, under 
similar conditions, the prototype was going to hang on to its air relatively 
very much longer than the model. In fact, what had surprised him in the 
model was that the air had come to the surface so quickly. He had ex- 
‘pected to see a frothy mixture issuing at the exit of the tunnel, but in no 
‘circumstances in the model had the effluent been other than “ black ” 
On the prototype, he would be very surprised if for the most part 
he effluent was not just a seething mass. In other words, he thought 
| that the water in the prototype would behave more like lemonade, and in 
_ the model like soda water, with violent ‘‘ pops.” Similarity could not be 
‘expected and it would be necessary to go to the prototype to get an answer 
o problems of that kind. It would be extremely interesting to know how, 
for example, the Jubilee siphon with its 250 feet of head had behaved, and 
to know whether the water actually issued, as the model would indicate, 
in a high-velocity jet with very little contained air, or whether it issued in 
a mad riot of foam and froth and “ white” water, which personally he 
_ would expect, having observed large-scale siphons at work and large bodies 


_ of water in natural channels. 


4 Correspondence on the foregoing Paper is now closed and no further 
contributions may be accepted.—Szc. 1.C.E, 
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Sir Hupert WALKER, C.B.E., M.LC.E., Chairman of the Division, — 
in the Chair ‘ 


Hi 


The following Paper was presented for discussion and, on the motio: 
of the Chairman, the thanks of the Division were accorded. to the Authors 
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t 

‘‘ Dowel-Bar Joints for Airfield Pavements’?* 
by : 

John Allister Loe, B.Se.(Eng.), A.M.LC.E. ; 

y 

SYNOPSIS : 


It is not general practice in Great Britain to use dowel-bar joints in airfield concrete 
pavements although they are often used in highway construction and in airfield pave- 
ments abroad. Experimental and theoretical evidence and experience have indicat 
that the corners and edges are the weakest parts of concrete slabs and that some form 
of strengthening is desirable. Various methods of strengthening the edges have been 
devised but the use of dowel-bars is the most satisfactory when all aspects are consid et 
and practice regarding their use is reviewed, 1 

The performance of a dowel-bar joint in a concrete pavement is considered — 
examining the behaviour of a single dowel-bar under laboratory tests and then | 
applying the results obtained to an actual joint between slabs. The laboratory tests 
have provided data on the size and spacing of bars necessary to provide adequate 
strengthening of the slab, and this is tabulated for various conditions. | 

Changes in air temperature, by producing temperature gradients throughout the 
depth of the slabs, cause warping, and at night a slightly concave surface will be 
produced. This will result in increased vertical movements at the joints during th 
passage of loads ; measurements have shown that dowel-bars are particularly eff | 
for such conditions in reducing the stresses developed in the concrete by traffic. 

The importance of careful construction of dowel-bar joints is emphasized and 
effect of errors in alignment of the dowel-bars is indicated. 


INTRODUCTION 


In Great Britain it is not usual to provide load-transfer devices at joint 
in concrete runways—a condition probably determined more by the dictate 
of economy and expediency than by any fundamental assessment of th 

possible advantages. In the construction of concrete roads, however 
dowel-bars have been used for this purpose for many years and a good dea 
of information has been obtained on their efficiency and performance. Th 
information cannot necessarily be applied directly to the case of runway} 
since there are many different factors involved, and it is the purpose of th 


* Crown Copyright reserved. 
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Paper to try to relate the results of road experience to runway practice. 
It is inevitable, therefore, that considerable reference will be made to road 
conditions, 

_ Where a large area is to be paved with concrete it is usual to divide 
the area into bays or slabs to allow the concrete to expand, contract, and 
warp, and also to facilitate construction. If the joint between two slabs 
of given uniform thickness consists merely of a vertical break in the concrete, 
the joint will be structurally weaker than the rest of the slab and this will 
determine the load-carrying capacity of the pavement. If the slab edges 
| can be strengthened, or if part of the forces produced by a load at the edge 
of one slab can be transmitted across the joint to the adjacent slab, a 
better-balanced and more economical design of pavement will be obtained. 
_ The Paper will endeavour to show that, for many conditions, such a 
balanced design may be obtained by the use of dowel-bar joints. In 
addition, the advantages of such joints are that the effect of impact is 
reduced (see Fig. 1), the slab edges will be maintained in correct alignment 
should settlement of the pavement occur, mud-pumping may in some 
circumstances be delayed or prevented, and the dowels may also help to 
_ lessen rocking of the slabs if the edges and corners warp upwards owing to 
_temperature gradients or other causes. The main disadvantages of such 
joints lie in the increased amount of care and work involved in the construc- 
tion of the pavement (particularly when the concrete is being mechanically 
“spread, compacted, and finished by a continuous process) and, possibly, 
“in the higher cost of materials and installation. A pavement for carrying 
present-day heavy-wheel loads and for future wheel-loads of unpredictable 
size has to be of considerable thickness and, if the concrete slabs rest upon 
_a very rigid base, dowel-bars will be less effective in strengthening the joints 
than if the slabs rest upon a less rigid base or directly on the subgrade. 


- Dowel-bar joints may therefore be of greater value for small airfields or for 
“those which have to be built on poor soils, than for those designed for 
very heavy loads and constructed on a good subgrade with a thick base. 
There is no unanimity of opinion as to whether a rigid or flexible base is 
preferable beneath concrete runway slabs. On the one hand it is con- 
tended that a rigid base—such as lean concrete—will limit the deflexions 
of the edges and corners of the slab under load, and that even when the 
‘slab is warped upwards, cracking can be prevented by proper design ; 
‘in this case the presence of load-transfer devices will serve no useful 
-pirpose. On the other hand there is some evidence from road work that 
“concrete slabs are more prone to cracking when laid on a rigid base than 
when on a more flexible base, and this view has been supported by at least 
“one airport engineer.1 If a more flexible base is to be preferred, it may 
‘be that a concrete slab with adequately dowelled joints and on a well- 
‘compacted granular base will prove to be a better form of construction for 
ery heavy loads than slabs with undowelled joints laid on a rigid base. 


1 The references are given on p. 649. 
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The use of steel dowel-bars on runways will have some influence om) 
blind-landing control systems but it is understood that this may beq 
corrected by a simple amendment to the calibration of the system. 

By common usage the terms “ dowel-bar ” and “ tie-bar ” are generally 
understood by road and airport engineers to have the following meanings :— 


A dowel-bar is a bar, generally of mild steel, which has flexural) 
rigidity and is used to transfer forces (in a vertical direction) across#. 
the joint gap. It is arranged to slide so that no horizontal forces# 
are transmitted across the joint. The term “dowel-bar” wasq. 
originally used when solid round steel bars were the only type used,|)) 
but for convenience it is used in this Paper to include all shapes of} 
section, both solid and tubular. bs 

A tie-bar is a bar whose main function is to prevent opening 0 
the joint and in which the transference of vertical forces is a seconda ry) 
consideration. Both ends of the tie-bar are bonded into the concrete 
and it may be desirable to increase this bond by using hooked or 
deformed bars. Tie-bars may be of sufficient size to transmit! 
vertical loads or they may be used to hold in close contact the twog 
faces of an interlocking joint, thus rendering it an efficient load-. 
transfer device. } 
t 
Tue NEED FOR STRENGTHENING THE EDGES oF A CONCRETE 

Pavine SiaB 


The need for strengthening the edges and corners of concrete slabs has s 
been established from practical experience, experiment, and theoretical 
study. Weakness of the edges of the slabs may produce corner cracks: 
which often develop in the manner shown in Fig. 2, or “1D” cracks, 80 
called because of the large “‘ D ’’-shaped piece of concrete which is broken! 
from the edge of the slab. It is probable that most corner cracks occur! 


an example of such a crack occurring during the night, under a load which 
was satisfactorily carried during the day, has been reported by Snow.2 

Experiments have also shown that the edges and corners are cone - 
siderably weaker than the “ interior ” of the slab—that is, any part of f 
the slab away from the edges and corners. Sparkes ® has reported that| 
the maximum surface strains resulting from the loading of a concrete slab) 
1] inches thick in an unwarped condition are as follows: for an 8-ton load | 
at the interior : 37-5 X 10-Sinch ; fora 4-ton load at an edge : 20-5 x 10-6 
inch ; for a 4-ton load at a corner: 54 x 10-6 inch. Skinner 4 reports 


measured ; the results, given in the following Table, have been taken fror 
load /deflexion graphs. 
As part of the investigation into the performance of concrete overlay | 


Fig. 1 


SPALLING AT A JOINT HAVING NO LOAD-TRANSFER DEVICE 


(The spalling is on the far side of the joint from the direction of approaching traffic 


| and was probably caused by impact of wheels hitting the unloaded (and therefore 
“undeflected) edge as they approached from the deflected adjacent slab.) . 


Fig. 2 
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TyproaL EXAMPLE OF CORNER CRACKING, SHOWING ADDITIONAL CRACKS DEVELOPING 
FROM THE ORIGINAL BREAK 
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Evrectronic APPARATUS FOR THE DyNAMIC MEASUREMENT OF THE VERTICAL 
Movements or ConorETE SLABS 
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Subgrade reaction: 400 b./sq. in./in.| Subgrade reaction: 150Ib. /sq.in./in. 


ie Position 
_ ofload | Load to produce i Load to produce ; 

lel oxiensot Cracking load : a ne aii Cracking load : 
0-05 inch :_ Ib. Ib. 0-05 inch: Ib. Ib. 


Interior . 50,000 70,000 plus 38,000 68,000 
Corner . 13,000 20,000 8,000 13,000 


*S 
" pavements, the United States Army Corps of Engineers 5 carried out static 
loading tests on 25-foot-square panels of concrete of 12-inch thickness and 
resting on a 15-inch rock base. The deflexion produced by a load of 
~ 100,000 Ib. applied at the corner was 0-40 inch, for the same load at the 
edge 0-24 inch, and at the centre 0:17 inch. 
The theoretical study, made by Westergaard,® of the stresses produced 
pry static loads on various parts of a concrete slab, shows that the stresses 
4 the edges and corners are considerably greater than those at the interior. 
For example, for a load of 50,000 Ib. applied through a tire having an 
Peliiptical contact area of 20 inches by 40 inches, the maximum stresses in 
| a slab 10 inches thick laid on a subgrade having a modulus of subgrade 
bs Meaction of 200 lb. per square inch per inch will be 445 Ib. per square inch 


_ 665 Ib. per square inch at a inverse joint. Teller and Sutherland,’ ‘Wid! 
as a result of experiments, made some modifications to Westergaard’s 
formulae, have shown that for a load 2 10,000 Ib. on slabs 8 inches 


centre . . . 160 lb. per square inch 

edge, full ee fraeatt Sten Odea hh; bis 2 
deficient subgrade support . 340 __,, ie - 

corner, full subgrade support. . 260 — ,, i aii 


deficient subgrade support 375 _,, heed pi 


These figures suggest that if the stresses induced at corners and edges 
a slabs approximate to the ultimate strength 1 in those parts, considerable 
G elief of stress will be effected by the provision of a load-transfer device. 
Tf an efficient device is used the stresses at the edge may be reduced to 
“3 pproximately the same as those at the interior. 


|  Mernops OF STRENGTHENING tHE Epages or A ConcrETE Pavine 
SLAB 

There are several methods by which additional support or strength 

may be given to the edges and corners of concrete slabs. Such methods 

may be classified broadly into three groups as follows :— 

(1) Methods of strengthening the edges and corners. 

40 _ 


ae, 
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(2) Methods of giving additional support to the edges and corners. ~ 
(3) Load-transfer devices. 


In the first group, one of the earliest methods of strengthening the | 
edges of a slab was by localized thickening of the slab. This method is | 
not satisfactory because first, the subgrade or base has to be specially 
shaped ; secondly, the thickened edges interfere with free expansion and . 
contraction; and thirdly, while such an arrangement produces a better ' 
balance of loading stresses it may actually increase the combined stress | 
due to loading and temperature gradients when the length of the slab is | 
such that temperature warping is restrained. Reinforcement, bent to: 
the form of a hair-pin, has been successfully used to strengthen the corners | 
and occasionally extra edge reinforcement has been used, but neither ' 
reinforcement nor thickened-edge construction maintains the slabs in. 
horizontal alignment during loading or if non-uniform settlement occurs. | 

In the second group, the additional support may be given to the slab 
edges by means of concrete sleepers, but this method has the serious 
disadvantage that uneven settlement between the subgrade and sleeper 
may itself start cracks in the slabs. Another method which has i | 
used recently is to construct the slabs in two separate layers of equal, 
thickness (using the same quality of concrete), but staggered so that the 
joints in one layer coincide with the centre-lines of the slabs in the other 
layer—a thin dividing membrane separating the two layers. Further 
information about the performance of such slabs is awaited with interest 
but construction in two layers must involve increased thicknesses of 
concrete and more complicated construction procedures. s 

The third group consists of devices and arrangements by which part 
of the vertical force of a load on the edge of one slab may be transmitted _ 
to the adjacent slab. Many designs for such devices have been produce d 
but of these the simplest, most effective, and most commonly used are | 
dowel-bars for joints liable to open and close appreciably, and interlocking — 
arrangements (moulded concrete projections or dummy joints) for trans- 
verse contraction or longitudinal construction joints where the amount of © 
opening of the joint is likely to be very small. . 

Dowel-bar joints, if properly designed and installed, satisfy all the main — 
requirements for load-transfer devices (see later paragraphs), but inter- 
locking joints, whether consisting of interlocking projections moulded in ‘ 
the concrete or the interlocking faces of the cracked portion of a dummy > 
joint, are most effective if the joint faces are in close contact. Opening f H 
the joint greatly reduces the effectiveness of load-transference and may 

even render it useless in this respect, so it is important that these types 
of joint be used only in positions where the opening is likely to be small. 

The quantity of dowel-bars required for a concrete pavement may be 
reduced considerably by using a combination of dowelled expansion joints — 
and intermediate contraction, construction, or warping joints. If the — 
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¥ intermediate joints are of the plain butt type with vertical faces, dowel- 
_ bars will be required to provide for load-transference, but since the joints 
_ will not usually open as wide as expansion joints, the dowel-bars may be of 
_ smaller diameter. If the intermediate joints are of the interlocking type, 
_ they should be arranged so that the amount of opening is small; a system 
_ commonly used for unreinforced-concrete roads is to space the expansion 
_ joints between 60 and 120 feet apart and construct intermediate dummy 
' joints (or plane-of-weakness joints) at 15-foot intervals. There will be a 
_ tendency for the dummy joints to open progressively with a consequent 
closing of the expansion joints but, provided the amount of space for 
expansion is not excessive, the amount of opening of the dummy joints 
_ is likely to be small. Measurements made on an experimental road where 
_ the average expansion-joint spacing is 65 feet and the average dummy- 
_ joint spacing is about 20 feet have shown that the average amount of 
- opening of the dummy joints during a period of 3 years was 0:02 inch. 
Openings of no greater magnitude than this are unlikely to render the inter- 
_ locking aggregate particles ineffective in transferring load (Sutherland 9 
states that dummy joints are not dependable when open more than 
0-037 inch), and such joints may be constructed without dowel-bars unless 
it is desired to take extra precautions against the opening of the joint. 

_ Warping joints are sometimes used in place of contraction joints; in 
_ such joints the two faces are held together by tie-bars, thus permitting the 


PA 


_ Longitudinal joints may be arranged in a manner similar to that 
_ suggested above, except that, in order to prevent opening of the longitudinal 
_ joints near the outer edge of the paved area, it is advisable to include tie- 
" bars in these joints even if they are not used elsewhere. 


a 


The installation of dowel-bars will add to the cost of construction and 
it has to be considered whether it is more economical to use them or to 
_ use thicker slabs throughout. Which method is more economical will 
depend upon the spacing of the joints: with closely spaced joints the 
Biavantape is in favour of thicker slabs, but with more widely spaced joints 
“itis in favour of dowel-bars. The theoretical costs of the above alternatives 
"are compared graphically in Figs 3; the left-hand graph shows the cost of 
an additional thickness of concrete in shillings per square yard for various 
‘costs of concrete given in pence per square yard per inch of thickness. 

The right-hand graph shows the cost of dowel-bars of several sizes and 
placed at three spacings, for various costs of steel, and includes a charge for 
‘installation ; this cost is given in shillings per square yard of concrete for 
a case where the length of joint amounts to 150 feet per 100 square yards 
of concrete (that is, for 12-foot-square slabs). Where the joints are spaced 
‘more widely apart, the length of joint per 100 square yards of concrete is 
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less than 150 feet and the cost of the dowel-bars will be proportionat 
lower and may be read off the sloping lines in the centre graph. 
An example will show how the comparison may be made : it is assumed 
that a slab is required to carry a wheel load of 25,000 lb. and that this 
requires an interior thickness of 10 inches. Joints are to divide the 
area into 20-foot squares. The alternatives are to use undowelled joints 
and increase the thickness throughout by about 25 per cent 10 (about 
23 inches at a cost of 21d. per square yard per inch of thickness), or to 
use a 10-inch thickness throughout but with joints having 1-inch-diameter t 
dowels at 12-inch centres, at a cost of £45 per ton for the steel plus 6d. per 


3 
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INCH OF THICKNESS COST (PER BAR) OF INSTALLING 


Example: Point A gives the cost of thickening a 10-inch slab by 25 per cent. (2$ 
inches) where the cost of the extra concrete is 21d. per square yard 
per inch thickness. - 

Point B gives the cost of strengthening the edges and corners by dowel-bars 
instead of by extra thickness. One-inch-diameter bars at 12-inch centres 

- would be required and for 20-foot square slabs there is 90 feet of joi 
per 100 square yards of slab. 


THRORETIOAL COMPARISON BETWEEN Cost or ADDITIONAL THICKNESS OF CONCRET! 
anp Cost or Down-Bars 


nt 
~ 


dowel for preparing and assembling. (Lengths of dowel-bars are as in| 
Table 1.) The extra cost of the thickness of concrete is denoted by point ; 
“a” (or “ A”) and the cost of the dowel-bars by point “ b ” (for 150 feet 
of joint per 100 square yards) or by point “B” for 90 feet of joint pe + 
100 square yards of concrete (20-foot-square slabs) as in the example 
The cost of the dowels is thus 23 shillings per square yard and compa 
with 4:3 shillings per square yard for additional concrete. The effect of 
dowel-bars on maintenance should also be taken into account, and th 
reduced wear on the joint filling and sealing materials, lessened risk of 
pumping, and the safeguard against “‘ faulting” at the joints are other 
factors to be considered. If any of these faults occur, the cost of correcting 
them may considerably exceed the initial cost of the dowel-bars. 
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PRACTICE REGARDING THE UsE or LoapD-TRANSFER DEVICES 


Practice regarding the use of dowel-bars varies considerably, but their 
- use is recommended or specified by a number of authorities, particularly 
in the United States of America. The Civil Aeronautics Administration!®, 
~ in their manual on Airport Paving, state that provision for load-transfer 
_ should be made at all transverse expansion and construction joints and that 
_ dowel-bars should also be installed in contraction and dummy joints where 
_ the expected joint opening will be sufficient to destroy the interlovk of the 
_ fractured surface of the crack below the groove. Where the runway is 
_ designed for a wheel load of 60,000 lb. or more, dowel-bars should be 
_ used in all joints. Pringle14, in discussing the practice of the U.S. Army 
' Corps of Engineers in constructing pavements for heavy wheel loads, 
_ states that dowel-bars are required at all transverse expansion and con- 
struction joints and are usually preferred for longitudinal construction 
- joints. The sizes and spacings to be used vary with the thickness of the 
_ concrete slab but are the same for all types of subgrade and, for solid round 
- dowels, are as follows :— 


Thickness of slab : Diameter of Minimum length of Spacing of 
inches dowel-bar : inches | dowel-bar: inches | dowel-bar: inches 
Under 8 3 16 12 
8-11 1 16 12 
12-15 1} 20 15 
16-20 12 20 18 
Over 20 24 24 18 


The practice of using dowel-bars is based upon observations of the per- 
- formance of rigid pavements, and on investigations conducted by. the 
Corps of Engineers’ Rigid Pavement Laboratory. Dowel-bars of 24-inch- 
diameter, 24 inches long and spaced 18 inches apart, have recently been 
used in a pavement 21 to 25 inches thick, designed for 75-ton wheel- 
~ loads.12 

Accelerated traffic tests on airfields have generally shown that there 
- is an advantage in using dowel-bars. Conclusions reached as a result of 
~ such tests on Hamilton Field ® are that “ dowels were highly effective in 
transmitting shear at the dummy and construction joimts, even though the 
 construction-joint dowels were sleeved. Dowels 1 inch in diameter and 
16 inches long at 12-inch centres (the only size and spacing employed) safely 
carried moving loads of 280,000 Ib. when the thickness of the slab was not 
less than 12 inches. Dowelled expansion joints were somewhat less 
; efficient than dowelled dummy or construction joints. All of the dowelled 
B: joints were superior to the one type of unreinforced keyed joint employed 
_ between thin plain-concrete slabs in these tests. It would appear desirable 
% omit sleeves from construction-joint dowels in order to secure more 


_ 


wa 
aa f 
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effective action of this type of joint.” Accelerated traffic tests on the | 
Columbus Field 13 led to the conclusion that “ dowel-bars provide an. 
efficient means of transferring loads across the joints and in retarding | 
pavement distress.” 
A different opinion is expressed by Philippe 14 who states that “im 
general the performance of a pavement is unaffected by the design of ' 
transfer devices except for keyed joints, which are generally unsatisfactory. | 
Also, an adequate pavement is not appreciably weakened by weaker devices, 
and an inadequate pavement is not strengthened by stronger devices.” 
In Great Britain and Eire dowel-bars have been used only occasionally 
for airfield pavements; two instances of their use are (1) Hatfield airfield*, 
where the expansion joints are provided with 1}-inch-diameter dowel-bars, 
24 inches long and spaced at 12-inch centres, and (2) Dublin Airport !5, 
where 3-inch-diameter dowel-bars, 21 inches long and spaced at 12-inch 
centres, have been used. : 
Considerable use is made of dowel-bars in the construction of concrete 
roads, and for trunk roads in Great Britain, the Ministry of Transport 
specify 3-inch-diameter dowel-bars, 24 inches long and spaced at 12-inch 
centres, or a dowel plate, } inch thick and 4 inches wide, extending com- 
pletely across the slab. Van Breemen and Finney 26, in co-operation with — 
the members of an American Concrete Institute committee on the structural 
design of joints, survey the present practice regarding joints in concrete 
roads. They state that “ It has been sufficiently demonstrated, and now 
generally recognized, that under heavy truck traffic some type of mecha- — 
nical load-transfer device is essential to the preservation of the structural 
integrity of the pavement, and to the maintenance of desirable riding | 
qualities. To accomplish this there is a definite trend toward the use of 
larger diameter dowels at closer spacings. The 2-inch dowel is rapidly 
being replaced with {- to 14-inch dowels spaced at 12- to 15-inch intervals., _ 
Dowel length still varies considerably. Research indicates that 15 to” 


routes, the larger dowels are necessary.”” Van Breemen 2” has also stated 
that “in New Jersey the solution to the problem of designing pavements 
that will resist the damaging effects of heavy truck traffic has not been 
sought through improvements in subgrades alone. On the contrary as a — 
means of strengthening the pavement itself, it is the current practice to — 
install sturdy load-transfer devices at all joints—there being ample evidenc 
that under heavy truck traffic, and despite all reasonable improvements in | 
subgrade, it is absolutely necessary to adequately dowel all joints, otherwise _ 
an excessive amount of faulting will sooner or later occur.” 


THE REQUIREMENTS OF A Dowkt-Bar Jornt 


The requirements of a dowel-bar joint may now be considered in detail, 
and may be stated to be principally as follows : 
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(1) The joint shall effectively transfer load between the slabs (the 
effectiveness of the dowel-bars in reducing stress in the 
slab, in preserving alignment of the slabs during loading, and 
in preventing excessive movement in the joint filling and sealing 
materials will depend upon this factor). 

(2) The dowel-bars shall not restrain the freedom of the slabs to 
expand and contact. ; 

(3) The dowel-bars shall not unduly restrict the freedom of the 
slabs to warp. 

(4) The forces shall be transmitted without risk of failure (either 
by bending of the dowel or by crushing of the concrete). 

(5) The dowel-bars shall have adequate strength to preserve the 
alignment of the slabs at the joints should any non-uniform 
settlement of the subgrade occur. 


_ The effectiveness of dowel-bars in transferring load will now be discussed 
in detail. 


Tue BEHAVIOUR OF A SINGLE Dowet-Bar: THEORETICAL STUDY 
AND LABORATORY TESTS 


It has already been noted that, of the various methods of strengthening 
the edges of a slab, dowel-bars are generally preferable. The behaviour 


Fig. 4 


Deflexion of slabs from- 
the unloaded position 


Deflexion of dowel-bars 
in concrete 


Sueay 


EN 


SHoTION THROUGH A Dowezt-BaR Joint LOADED ON ONE SIDE 


of the dowel-bars in a joint will now be considered, dealing first with the 
case of a single dowel-bar. When one side of the joint is loaded the dowel- 
- bars will deform in the manner shown in Fig. 4. It will be seen that the 
overall deflexion consists partly of the deflexion of the bars across the joint 
_ gap and partly of the deflexion of the bars in the concrete. The maximum 
bending moment in the bars will occur in the two planes formed by the 
vertical edges of the concrete, the maximum shearing force will be constant 
across the width of the joint gap, and the maximum pressure between the 
the bar and concrete will be at, or close to, the edge of the concrete slab. 


Pe Pert DERN 


SES 


The effectiveness of the joint, having dowel-bars placed at mid-dept 
will depend upon :— 


(1) the size and shape of the bars, 

(2) the spacing of the bars, 

(3) the width of the joint, 

(4) the method of preventing bond between bar and concrete, 
(5) the strength of the concrete and size of the aggregate, 

(6) the type of subgrade or base, and 

(7) the temperature and moisture conditions at the time of loading. 
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To compare the effectiveness of different types of dowel-bar joints, each 
type would have to be tested on a variety of subgrades and bases and 
sufficient repetitions made to allow for unavoidable variations in the 
materials. In order to avoid the considerable amount of full-scale work 
involved, a laboratory test for single dowel-bars has been devised. Su 
tests can be carried out under conditions which may be standardized, anc . 
the results can then be applied to joints in an actual road. Such tests c 
also assess the effect of various methods of preventing bond, and the extent 
to which strength of concrete and size of aggregate affect load-transfer. 
The problem of determining the deflexions of dowel-bars was first 
studied by Grinter 18 and Bradbury 1, who provided theoretical solutions 
for particular cases and assumed conditions. Later a general mathematica 
solution was devised by Friberg 2° who based his work upon an exact 
mathematical solution (devised by Timoshenko and Lessels 21) of the — 
problem for elastic dowel-bars of infinite length embedded in an elastic 
mass. 
The general equation developed by Timoshenko for the cian of 
one half of a dowel-bar of infinite length in an elastic structure is : 


pa 
y= saea\? cos Bx — BM,(cos Bz — sin pa} 
where P denotes a concentrated applied load (Ib.). 


x ,», distance from joint face (inches). 

y ,, the corresponding deflexion of the dowel-bar at x (inches 

E, ,, modulus of elasticity of the dowel-bar (Ib./sq. in.). 

hf », moment of inertia of the dowel-bar (inches*). 
M. ,, bending moment in the dowel-bar at the joint face, which | 


‘ Pa 
is equal to — = 


where a denotes the width of the joint. 
B represents a term defined as the relative stiffness of the dowel- 
bar sin expressed by the following constant : 
Gb 
ae 4E1 
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E where G denotes modulus of support (Ib./inch3). 

é b », Width of bearing area of dowel-bar (that 
y is, diameter). 

From the above equation the deflexion of a dowel-bar of infinite length 
can be plotted (see Fg. 5). The variation in pressure will also be repre- 
‘sented by the same curve to a different scale. For a dowel-bar of finite 
Tength the deflexions and pressures will be increased, and the pressure at 
the joint face will become greater. It is obviously desirable for economy 
‘to use short dowel-bars but the length must not be reduced to such an 
‘extent that the high pressures at the joint face will cause spalling. The 
problem of length of dowel-bar is considered in the paragraphs dealing with 
laboratory tests. 

_ From the general equation the following specific equations may be 
obtained :— 


(1) Deflexion of the dowel-bar at the joint face (= yo) : 
¥Y = Yo when x = 0 


PI +3) P(2+ Ba) 


Yo ORE 468E,1 
(2) Bending moment at any point in a dowel-bar (= M): 
dy 
M =—E,I,, Tat 
eB 


aa ae sin Be — BM, (sin Bx + cos pa} 


a (3) Shearing force at any point in a dowel-bar (= V): 
= _ dM 
~@ 
a = — e-?* {(28M, — P) sin Ba + P cos Pa} 


The overall deflexion (4) across the joint will be made up of : 
2 x (deflection of dowel-bar in concrete) plus (deflexion of dowel- bar 


across joint gap). 
Now: 2 x (deflexion of dowel-bar in concrete) 


P— pM (1 +65) 
Bel BET 


and: (deflexion of dowel-bar across joint gap) = (deflexion caused by slope 
_ of dowel-bar) plus (de- - 


flexioncaused by flexure 
of dowel-bar across gap) 


cere ae 


OR Re 2»- EN me re rrr 
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A _ Yo P [a\? 

p = an “3B, (5) 

ag ee) eee P (2\° 
( =*{~ pang + P0}+359(5) 
Ye (1 5) (3) 
Therefore: J Shots 2) _ Gt Bia ee oe 2 

= BEL 22H 3E 1 


_ P fi+ (+ Ba a 
~8R,I BB +5} 


_ This equation gives the theoretical relationship between applied load 
and deflexion of the dowel-bar across the joint. This relationship is the 
‘Teal criterion of the effectiveness of a dowel-bar and in this Paper is referred 
‘to as the rigidity of the dowel-bar ; this is defined as the load on a dowel- 
bar required to produce unit deflexion across the joint or, in terms of the 
er symbols :— 


ea 


¥ eed Ma, 
REET S 


S 


X 


rigidity of dowel-bar (A) =5 (Ib. per inch) 


he It will be seen that A is thus dependent upon the terms F,, I, a, and B, 

which in turn depend on @ and b. vy 

| All these terms can be readily determined except for the value of G 
Aa 

curring in the expression B = i . G has been defined by Friberg 
& 

he modulus of support (Ib. per inch3), and values of 300,000 Ib. per inch® 

nd 1,000,000 Ib. per inch3 have been suggested by Grinter 1* and Friberg 2° 

ectively. Friberg 22 has also suggested that Gis related to the modulus 

lasticity of the concrete and to the amount of cover over the dowel-bars, 


that it can be determined from the equation G = = , where # denotes 


re modulus of elasticity of the concrete in compression (Ib. per square inch), 
nd d denotes the amount of cover of concrete over the dowel-bar (inches). 
further suggestion by Friberg is that G = 300 times the cylinder strength 
he concrete. From the tests made at the Road Research Laboratory, 
1e average value of G has been found to be 2,500,000 Ib. per inch3, and 
theoretical deflexions given in this Paper have been calculated assuming 
to have this value. 
Of the other terms needed for the calculation of A, H, will depend upon 
type of steel used, a is the width of the joint, and J and b depend upon 
shape and size of dowel-bars. If a dowel-bar of given rigidity is 
uired, the only factors which readily lend themselves to adjustment 
ng design are those affecting J and 6, that is, the shape and sizeof the 


oss-section of the dowel-bar. 
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Figs 6 


Loading apparatus Concrete sla 
(for details, 
see below) 


Roller gauge 
Mirrors 


Dowel-bar under test 


Concrete slab 


Dial gauge 


Platen of 
testing machine 


Platen of testing machine 


Gauge point to 
measure deflexion 
of dowel-bar in 
concrete 


Dowel-bar 


measure strain 
in concrete 
below dowel-bar 


Platen of 
testing machine fi 
DETAIL OF LOADING APPARATUS 
DiaGRAMMATIC VIEW OF ARRANGEMENT FOR CARRYING OUT LABORATORY TESTS | 


Dowru-Bars 
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Laboratory tests have been made on single dowel-bars in the following 
manner. Test specimens were made with single dowel-bars set across the 
joint between two concrete blocks. One of these blocks was supported 
“over the whole of its area on a rigid base and the other pivoted about 
3 feet from the joint. The unsupported side of the joint was then loaded 
im increments and the relative deflexion between the two blocks and the 
flexions of the dowel-bar in the concrete were measured. A diagrammatic 
ketch of the apparatus is shown in Figs 6. 

_ With this method of testing, that part of a wheel load which would 
normally be counterbalanced by the reaction of the subgrade under the 
‘loaded slab is eliminated, and the load transferred by the dowel-bar is 
“approximately equal to the load applied to the specimen. 

__ By means of the laboratory test, the effect of (1) diameter of dowel-bar, 
me Fig. 7 


Dia. of dowel-bar: 4 inch 
Length of dowel-bar: 12 inches 


7 


Joint su ow SA 
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Y 


DEFLEXION: INCH 


denotes relative deflexion between slabs 
denotes deflexion of dowel-bar 
in concrete at face of joint 


0 250 500 750 1000 —-1,250 1,500 1,750 
APPLIED LOAD ON DOWEL-BAR: LB. 


4 a BETWEEN RELATIVE DEFLEXION or SLABS AND DEFLEXION OF DowEt- 
-—s- Bar ix ConorETE AND Loap For Various JOINT OPENINGS 
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(2) length of dowel-bar, and (3) width of joint was investigated. There 
is a considerable variation in the results which is probably due to lo o2 3 
variations in the properties of the concrete immediately around 
dowel-bar at the joint face ; these local variations will probably be greaten> 
than the variations registered when measuring the crushing strength ob 
test cubes. The particular arrangement of the aggregate particles around ‘ 
the dowel-bar may have an important effect on the results. Similar onf 
larger variations will certainly occur between different dowel-bars im ag 
joint in a road but, since an individual load is spread over several dowel-l} 
bars, such variations will tend to be evened out and the relative defi 0! 
between the slabs will approximate to that to be expected from 
average value of the rigidity of the dowel-bars. 
Typical results from tests on a dowel-bar are shown in Fig. 7. 


. 
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enable the results of similar tests on various dowel-bars to be readily 
calculated, the rigidity of the dowel-bar (that is, the ratio between load 
and relative deflexion) is calculated for the first 1,000 lb. of load. 

The relationship between the rigidity (A) of the dowel-bar, diameter 
of dowel-bar, and width of joint is shown in Fig. 8, which shows the average 
results obtained from laboratory tests on dowel-bars 12 to 18 inches long, 
coated with a thin layer of bitumen. Dowel-bars of 9-, 12-, 18-, and 
24-inch lengths were tested ; the length, within this range, had no effect 
on the rigidity of the dowel-bar. Friberg suggested that the length 
of the dowel-bar could be limited to the distance between the second 
points of reversal of pressure (points X in Fig. 5) without causing undue 
increase of pressure at the joint face. The distances between these points 
on each side of the joint have been calculated and are given in Table 1. 
To allow for errors in alignment and for the possibility of variation in the 
compaction and quality of the concrete under site conditions, it is suggested 
that these lengths should be increased by 75 per cent and that a further 
3 inches should be added to allow for the dowel-bar cap and for poorer 
contact over the sliding half of the bar. 


TABLE 1.—SUGGESTED MINIMUM LENGTHS OF DOWEL-BAR (CALCULATED 
FOR JOINTS HAVING A WIDTH OF 3 INCH AND FOR A MODULUS OF SUPPORT 
oF 2,500,000 LB./sQ. IN./IN.) at 


Ps Total length between second Suggested total length (length 
_ Diameter : points of contraflexure between second points of 


inch (calculated from Friberg’s contraflexure ++ 75 per cent 
analysis) : inches + 3 inches allowance for cap 


and sliding half) :. inches 


e 7t 16 
i i 93 20 
| I 12, 24 
: 1} 14 28 


_ No definite relationship between the results and variations in crushing 
strengths or thickness of film of bitumen could be obtained but to investi-, 
gate these factors a further series of laboratory tests is being made with, 
simpler specimens in which only one half of the joint is tested. _ ; 
Although the laboratory tests have been carried out on solid round 
bars, tubular, square, or rectangular sections could be used. The rigidity 
of such bars has been estimated from their section moduli and is given in 
Table 2 for two different areas of cross-section. It will be seen that 
tubular sections with thin walls, and rectangular sections with a large 
height/width ratio, have the greatest rigidity for a given amount of steel ; 
of these two sections the tubular one is preferable because of its greater 
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bearing area and hence higher failing load ; solid round bars are, howe’ vex 
cheaper and easier to handle. 4 
5 i 
TABLE 2.—ESTIMATED DOWEL-BAR RIGIDITY FOR SECTIONS OF DIFFEREN} 
SHAPE BUT WITH THE SAME CROSS-SECTIONAL AREA eerie 
A JOINT } INCH WIDE) 


Cross-sectional area of bar: square inches } 

T 
Type —— q 
Rigidity : Rigidity : p 

Size: in. Ib./in. Size: in. lb. fin. 

Solid round .. 0:50 dia. 75 x 10° | 0-75 dia. 200 x 10 
Tubular (4 inch thick) . 0-62 o/dia. 110 x 10% | 1-25 o/dia. 370 X 108 4 
Tubular (} inch thick) . 0-81 o/dia. | 230 x 108! 


Ga 90 x 10° | 0-67 295 X 10 


0-82 x 0-54 | 265 x 103 b 


Square . 

Rastatigubat ’ (Height = = rs 
x width) . 

Rectangular (Height : =. 
<ewidth) 3 a coee-a 


0-54 x 0-36} 100 x 10° 


0-63 x 0-31] 115 x 10% | 0-74 x 0-47| 300 x 10%! 


ASSESSMENT OF EFFECTIVENESS OF LOoAD-TRANSFERENCE 


In order to compare the effectiveness of load-transfer of various sizea 
and spacings of dowel-bar and other types of joints, it is necessary to hay 
some measurable basis for comparison. Two convenient ways of doing 
this are to measure the stresses or the deflexions in the loaded and unloadec 
slabs. Complete efficiency may then be defined as the state when 
stresses and deflexions in the loaded and unloaded slabs are equal, an 
zero efficiency as that when the stresses and deflexions in the unloaded slat! 
are zero, thus indicating that no load is being transferred. 

At the edge or corner of a slab, the stresses and deflexions are approxi 
mately proportional to the load. The efficiency of a joint is a : 
approximately similar whether it is determined on a basis of stress a 
deflexion. Since deflexions can be more readily measured than stresse 
especially where measurements are made on existing pavements, the loa 
transfer efficiencies given in this Paper are in terms of deflexions, and a 
calculated from the following formula :— . 


7= Su x 100 per cent 
e 
where 7 denotes load-transfer efficiency of joint, 
du ,,__ deflexion of unloaded slab at joint due to a load (W) om 
the adjacent slab at the joint, and 
8.  ,  deflexion of free edge of a similar slab due to a nie i 
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_ Assuming that the deflexion is proportional to the load, the efficiency 
may be eeprosasde in terms of 6, and 6, as follows : 


by ) 
Z: =— x 100 per cent = . 
iy oe wth 
where 6; denotes deflexion of loaded slab at joint. 

Another method of measuring the effectiveness of load-transfer is to 

i “compare either the stresses or deflexions at the joint with those at a point 
away from the edges of the slab. Full efficiency then becomes the con- 
dition in which the stress or deflexion at the loaded side of the joint is no 
greater than at the interior of the slab. This method, using stress as a 
basis of comparison, is used by Teller and Sutherland 23, but is not adopted 
in this Paper because it is thought preferable to have a measure of joint 
efficiency in which full efficiency corresponds to the maximum attainable 
_efficiency—in other words, that given by a perfectly rigid load-transfer 
‘device. The formula given above is suitable for determining the load- 
transfer efficiency of a joint when the load is on one slab only. As the 
i “Most severe condition will occur when the load is at the edge of the slab, 
but is still wholly supported by it (that is, when the contact area is tangen- 
tial to the joint), this condition only is considered in this Paper, but the 
efficiency of a joint with the load partly on each slab may be determined 
_by a method given by Westergaard.® : 
_ The maximum stress resulting from loading at the free edge of the slab 
‘may be anything up to about three times the corresponding stress at the 
interior of the slab. This increase in stress at the edges will be partly 
‘counterbalanced by reduced temperature-warping-stresses but even so 
there will still be a considerable increase in the stress at the edges which 
makes any means of reducing the stress very desirable. 
' The reduction in stress obtained by a load-transfer device may be 


ia as follows. If the efficiency is 7, then the amount of load 


x 100 per cent 


eer = = ul where W denotes the applied load. The stress at the 
joint in the loaded slab will therefore be: — 


“4 ; n 
4 ee ag 


Brhere o; denotes stress in the loaded slab at the joint o, denotes stress in a 
loaded free edge. Taking as an example a wheel load of 75,000 pounds 
on a slab 12 inches thick, then : 


_stress at interior 
stress at joint with “ perfect’ load-transfer 


230 Ib./sq. in. 


device (n = 100 per cent) = 315 Re 
stress at joint where — n= 90, 5 = 350 rf 
| Aaa ee ” ” a 80 ” ” = 380 ” 
ay; we oe ” j= TOG = 410 ” 
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stress at joint where 71 = 5Oper cent = 470 lb./sq. in. 
” a) = 30 ,, ” = 540 ” 
with no load-transfer device (or 
at a free edge) = 630 3 


5 
The maximum temperature warping stress in a slab of this thicknessqy 
would be about 400 Ib. per square inch. Assuming that this is reduced 
by about one-third at the slab edges, the total stresses at a joint of 80-per-: 
cent efficiency will be about 650 Ib. per square inch, compared withi 
630 Ib. per square inch at the interior. With stresses of this order theres 
is very little margin between stress and ultimate strength and it is there- 
fore very desirable to reduce loading stress as much as possible by hight 
efficiency of load transference. Dowel-bar joints should normally he« 
designed to give an efficiency of about 80 per cent; such efficiencies can 
generally be obtained from dowel-bars of moderate size except on very} 
rigid bases where dowel-bars of large diameter may be required. Effi- 
ciencies of below 60 per cent hardly justify the extra cost of the dowel-bazs. 
The amount of relative vertical movement between the slabs must alsoa 
be considered, since excessive relative movements will subject the filling: 
and sealing materials to considerable strain in shear, which may increaseg 
the rate of their deterioration ; it will also produce impact been he 
wheel and slab, which may cause spalling of the joint edges and impair the¢ 
riding quality of the pavement. Although there are no data which would! 
suggest a limiting value for the relative movement, a dowel-bar joint with: 
a load-transfer efficiency of 80 per cent would theoretically reduce t 
relative movement to one-third of that for an undowelled joint ; experi-- 
ments described later (see Figs 18, p. 644) have shown that the reduction 
may be even greater than this amount. 1 
In considering load-transfer efficiencies no account has been taken of! 
the joint-filling material, which may behave as a load-transfer device of. 
considerable efficiency if the joints are tightly butted together in hott 
weather. Efficiencies calculated from slab deflexions occurring during the: 
summer months may therefore be greater than expected but should not be: 
taken into account for design purposes, because during the winter, or even } 
during a summer night, the load transferred by the filling material 
probably be negligible. 


be) 9 >? 


9 ” 9 
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Tue Errect or Type anp Spacinc oF DowsrL-Bars ON THE 
PERFORMANCE OF A JOINT 


The results of theoretical examination and laboratory tests on single? 
dowel-bars now have to be applied to the case of actual joints. If the load-- 
deflexion relationship is known, the load-transfer efficiency of a dowel-bar f 
joint may be calculated for any condition if certain assumptions are made. 
Such a method has been produced by Westergaard 24 in respect of a joint 


LOE ON DOWEL-BAR JOINTS FOR AIRFIELD PAVEMENTS 633 


with four dowels only, with the load applied centrally ; but the reactions 
of any dowel-bars outside the four considered are quite considerable and 
“the following method is suggested as being preferable. _ It is based upon 
‘the same assumptions as the formula expressing load-transfer efficiency 
“mentioned previously, but with the additional premise that the force 
transmitted by any dowel-bar is proportional to the deflexion of the un- 
loaded slab at that point. 

The deflexions at various points along the free edge of a loaded slab 
have to be known, and the theoretical deflexion curve for edge-loading 
| conditions, devised by Westergaard 25, is used in the following calculations ; 
however, any other theoretically or experimentally obtained curve could 
be used. From the above assumptions, it may be shown that : 

a 1 
ine NS 
2A° A 


_where 7 denotes efficiency of load-transference of joint, 

De oe rigidity of dowel-bar (1b./in.), 

K_ ,, modulus of subgrade reaction (Ib./sq. in./in.), 
1 ,, radius of relative stiffness (inches), 


__ as 
A . 

aa A denotes area under deflexion curve (square inches), 

Ps a ,,  deflexion of a single dowel-bar (inches), 


8 ,, spacing of dowel-bars (inches). 


_ From the above formula the relationship between load-transfer efficiency 
and rigidity of the dowel-bar has been calculated for various thicknesses 
_of slab and for subgrades of various qualities, and is shown graphically in 
Fig. 9. 1t will be seen that the efficiency increases very rapidly with an 
increase in the rigidity of the dowel-bar up to a value for A of about 200,000, 
but beyond this value the increase in efficiency is fairly small. 

It will also be seen that for a given spacing of bars, the thicker slabs 
or more rigid subgrades require a greater rigidity of dowel-bar. This may 
at first seem illogical, but it is because of the smaller deflexions (under a 
given load) of the thicker slabs or more rigid subgrades, and the consequent 
‘need for a more rigid bar to transmit a given proportion of the load, thus 
“maintaining a given load-transfer efficiency. With very thick and rigid 
constructions a point is probably reached at which there is little advantage 
in providing dowel-bars for load-transfer purposes; for this reason it 
“was suggested in the Introduction that dowel-bars would be of greater 
-yalue in pavements to be constructed on poor soils, or im pavements 
“carrying loads which do not warrant a very rigid construction, than in the 
_yery thick and rigid pavements of the main airports. In the latter type 
of airfield, however, dowel-bars still serve the useful purpose of providing 
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smoother riding over joints (thus reducing impact), and of reducing rocking 
of the slabs. 


Fig. 9 iB 
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RELATIONSHIP BETWEEN LOAD-TRANSFER EFFICIENCY AND THE RIGIDITY OF T 
Dowet-Bar 


The size and spacing of dowel-bars for various conditions may now 
considered. Ideally, a load-transfer device would provide continuot 
and uniform support along a joint. The rigidity of a concrete slab make 
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it possible, however, for effective load-transference to be obtained by a 
series of bars spaced at intervals along the joint, and by this means a given 
‘degree of load-transference may be obtained with greater economy in the 
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r. of steel than would be the case if the device had to be continuous. For 
given conditions there is usually a choice between large-diameter dowel- 
pars at wide spacings or smaller bars at closer spacings and it might at 
irst appear that the greatest economy in the use of steel would be obtained 
, using the large bars at wide spacings. In a given joint the deflexion 
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of the bar across the joint gap will depend upon its moment of inert 
and the deflexion of the bar in the concrete will depend largely upon they 
bearing area of the bar in the concrete. The overall deflexion is thus partly 
proportional to the fourth power of the diameter and partly to the diameter 
The relationship between load-transfer efficiency and the weight of steel perf 
linear foot of joint has been calculated from the results of laboratory tests 
and is shown graphically in Fig. 10, where allowance has been made for tha 
greater length required in the larger-diameter dowel-bars in order to prevent® 
excessive pressure on the concrete at the joint face. It will be seen that font 
a given amount of steel there is little difference in the load-transfer efficiency: 
of dowels spaced at 6-, 12-, 18-, and 24-inch centres. Two consideration 
limit the range of spacings: (1) for simplicity of construction the number 
of dowel-bars must be kept to the minimum (it is therefore preferable nob™ 
to use spacings closer than 12 inches), and (2) the flexure of the coneret 2 
slabs between the dowels must be kept to the minimum (for this reasomp 
the spacings should not exceed 24 inches). ; 

The size and spacing of dowel-bars needed to obtain a given amounti 
of load-transference may now be determined for various subgrades, thick- 
nesses of slab, and widths of joint. The values given in Table 3 have beem 
calculated for a load-transfer efficiency of 80 per cent as suggested earlier 
They are based on the results obtained from the laboratory tests and are 
applied to the case of an actual joint in a concrete pavement by means 
the method already described. The various sizes are given for the nominal 
width of the joint, that is, the width of the joint as constructed, but to 
allow for opening and closing of the joint the sizes have been calculate 
for a joint } inch wider than the nominal width. The 12-inch spacings 
is usually preferred. At the corners of slabs the reactions in the dowel- 
bars will increase, and it is suggested that from a point about 4 feet fromm 
the corner the spacing between neighbouring dowel-bars be decrease 
progressively down to half the normal spacing between the two dowel-bats 
nearest the corner. ; 


Tue Errect or WARPING ON THE BEHAVIOUR OF A JOINT 


Warping of a concrete slab is produced by temperature or moisture¢ 
gradients through its depth, which cause differential expansion and co ; 
traction. When the top of the slab is hotter or in a wetter condition thant 
the bottom of the slab, the edges and corners will warp downwards thusi 
tending to lift the whole slab as shown by curve(1)in Fig. 11 where an actus 
profile of a warped slab is reproduced. The weight of the slab limits thes 
amount of warping but not to the extent which might be expected, and i : 
is probable that deformation of subgrade accommodates some of the change 
in shape of the slab. 1 

When the top of the slab is cooler or drier than the bottom, the edgess 
and corners will warp upwards, thus reducing the contact pressure betweer 
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Tassie 3,—DIAMETERS AND SPACINGS OF DOWEL-BARS REQUIRED TO GIVE 

A LOAD-TRANSFER EFFICIENCY OF NOT LESS THAN 80 PER CENT (A 

a STRESS REDUCTION OF 40 PER CENT) FOR VARIOUS CONDITIONS 

i (The lengths of the dowel-bars should be as in Table 1) 
eee 


Modulus of subgrade reaction : Ib./sq. in./in, 


Nominal Spacing 


width of | of dowel- 50 200 500 
joint : bars : 
inch inches Thickness of concrete slab; inches 
623 e108 12-16.—.8. e102 6 8 10 12 
12 Loy 3 £0 Ssh Ola 4 
0 18) ab ome { H $ i ‘ace @ eon ew 
24 pees eee it itt 1d EM if ae 
12 ee ee a a | ag 
$ 18 Po ee OE a dy AY (12) 418) 
24 to fae Oe eel) Ga (13) 
12 g-$- 3-21 1 Yaa Cee a 1+ 1} 14 (18) 
i 18 oes gee fe dee) Wy Gay, Us dD) 
24 Boer es a die a a 8) 
12 fecee ft Bl le 1d belet (ay ae (12) 
z 18 fee | eee) ee x2) 
24 ee eee Ee meee (1g) (12) (2) (2) 


Figures in parentheses are extrapolated results outside the range of the laboratory tests. 
_ Norz.—The size of the dowel-bar required for given conditions must be adequate 
to meet the requirements of load-transfer efficiency given above and the requirements 
of strength given in Table 5. Where the sizes differ, the larger value of the two should 
e used. 


Fig. 11 
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Figs 12 


638 LOE ON DOWEL-BAR JOINTS FOR AIRFIELD PAVEMENTS 


z 


6 inches thick 
Z-inch diameter 
12-inch spacing 


15 feet long 
Il feet wide 


Concrete slabs: 


ne 
IX 
PERSS EE 


D4 + a =] 
iS a 5 8 Zz rc) 3s 


So 
HONI ‘(8V1S 3HL JO SON3 ONY 3710GIW 3HL N33ML39 
; NOILVA313 JO JDNVHD JAILV13Y JHL AG GAUNSVIW) ONIdYVM JO LNNOWY 


LOE ON DOWEL-BAR JOINTS FOR AIRFIELD PAVEMENTS 639 


Figs 14 
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(1) During day-time (at 3 p.m.) 
Temperature gradient of +13 °C from top to bottom of slab 
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(2) During night-time (at 6 a.m.) 
Temperature gradient of -5 °C from top to bottom of slab 


_ [Weight of front axle | 1,4001b. | 2,700 Ib. } 3,100 1b. | 
| Weight of rear axle } 1,500 1b. | 4,200 Ib. } 13,5001. | 


Slab: 8” unreinforced ‘concrete on compacted gravel base 
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anp NieHt CONDITIONS FOR Earty SUMMER 


(Measured by means of electronic apparatus developed by J. J. Trott. 26) 
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slab and subgrade or base at these positions or even lifting part of the slabl 
clear of its support (an actual profile is shown as curve (2) in Fg. 11),) 
Under these conditions the only restraint on the warping of short slabsy) 
will be the weight of the edges and corners of the slab. Upward warpingg 
usually occurs at night and is usually greatest in early summer when ai 
hot sunny day is followed by a clear cool night, and rapid cooling of thed 
surface by radiation occurs. For such conditions, a typical graph showinggy 
the variation in the amount of warping over a 24-hour period is given by} 
curve (1) in Figs 12, where the amount of warping is indicated by thee 
relative change of elevation between the middle and edge of the slab. 
When the slab is warping upwards at the edges and corners the vertical. 
deflexion of a joint under loading will be considerably greater than under 
normal conditions. This was shown by a series of 24-hour tests in which 
the amount of warping, the widths of the joint, the temperature gradient, 
and the absolute and relative vertical deflexions of the slabs under loads: 
were measured. The absolute deflexions of the slab were measured with 
reference to large concrete blocks which were constructed at the side of! 
the joints to be tested but clear of the slab. Both the absolute and relative 
movements were measured by electronic apparatus devised by Trott 26! 
and illustrated in Fig. 13. Typical records obtained during the day and 
night for the passage of a vehicle over an undowelled joint in an 8-inch slab 
are reproduced in Figs 14. The deflexion of the slab on the side of the joint 
from which the vehicle is approaching is shown by the top graph, the? 
deflexion of the far side of the joint by the middle graph, and the relative» 
_deflexions between the two slabs by the bottom graph. It will be seen that j 
the deflexions occurring during the night are many times larger than those 
occurring (under a similar vehicle) during the day, and such large move- - 
ments, as already mentioned, will cause greater stresses, detract from the) 
riding quality, cause excessive wear on the filling and sealing materials, , 
and may result in spalling of the joint owing to impact. The variation | 
in the deflexions caused by loading over a 24-hour period are indicated in ; 
Figs 15 where the relative deflexions of an undowelled joint under the rear ' 
axle of a vehicle are plotted. It will be seen that the increase in deflexion , 
corresponds with the reversal of temperature gradients, and during this | 
period the stresses due to loading of the slab will be considerably increased, — 
The importance of these increased stresses will depend partly upon 
the length of time during which they occur, and some information on this - 
point has been obtained from an examination of the records of tempera- | 
tures in a concrete slab, 9 inches thick, for a period of 12 months. The 
total period of time during which various temperature gradients occur has - 
been found and the results are summarized in Fig. 16. 
It will now be considered whether dowel-bars can assist in reducing 
the stresses at the edge and corners of a slab when it is warped upwards 
and whether they will reduce the relative movement between the two slabs. 
The moment of resistance of a dowel-bar in bending is small compared with 
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the moment of resistance of a concrete slab, and thus its effect in reduci 1 
the amount of warping will be small, but it does have some effect, as is 
shown by Figs 12. This shows the variation in the amount of warping 
as indicated by the difference in movement between the centre and edge 
of the slab, occurring during a period of 24 hours in two slabs, similar in 
all respects except that one has plain joints and one dowelled joints. 
Loading tests were made during the same 24-hour period and typic 
records for day and night are reproduced in Figs 17. In Figs 18. the varia- 
tion in the relative deflexions of the plain and dowelled joints resulting a 
loading are given for the 24-hour period, and it will be seen that the dowel 
bars have reduced the relative movement of the slab during upward warping | 
by a very considerable amount. : 
There are two other conditions which may result in the slabs behaving 
in a manner somewhat similar to warped slabs, and in which dowel-bat 
will assist in reducing the movement at joints. The first occurs when the 
slabs have set under a temperature gradient, such as may happen on a h 
day when the temperature at the top of the setting concrete is lower than 
at the bottom: when the concrete sets and the temperature gradient dis- - 
appears, the slab will then have its edges and corners warped upwards. . 
This problem has been investigated by Rhodes 27 but it is not known whether : 
it is a condition which occurs frequently. The second condition may occut 
if the subgrade has settled unevenly or if mud-pumping has removed | 
subgrade material from the vicinity of the joint : this would lead to rocking ; 
of the slab during the passage of a vehicle. | 
The liability of the slabs to rock during the passage of a wheel load . 
will become greater as the ratio of the load to the weight of the slab: 
increases and is thus more important with very heavy loads. Although | 
rocking is most likely to occur when, for some reason, the edges and corner; i 
are in poor contact with the subgrade, some slight rocking may occur when . 
the slab is in good contact with the subgrade, particularly if the subgrade 
is poor. Dowel-bars will assist in preventing such rocking by adding 
part of the weight of the adjacent slabs to counterbalance any lifting — 
action. : 


THe STRENGTH OF A DowEL-Bar Joint 


The ultimate strength of a dowel-bar joint must be considered iz 
addition to its effectiveness in transferring load. Two cases have to be ~ 
considered, first, the normal case in which a wheel load is applied on one 
side of a joint and the load transmitted is distributed over a number o! 
dowel-bars, with the bars immediately under or nearest to the point taking 
the largest part of the force. The second case is that in which settle- 
ment has taken place and one slab is partly supported at its edge by the — 
dowel-bars; the total force transmitted by the bars will probably be 
considerably greater than in the first case but will be spread over a large — 
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Figs 17 


AT JOINT 


DEFL. OF 
E. SLAB 
X-001" 


DEFL. OF 
W. SLAB 
AT JOINT 
X-001" 

Nv ° 


REL: DEFL 
BETWEEN E. 
AND W, SLABS 


X-001" 


(a) Plain (6) Dowelled 


(1) During day-time (at 3.45 p.m.) 
Temperature gradient of +3} °C from top to bottom of slab 


) 


5 
poe 
a8 
ox 2 
992 
go ° 
aed 
= 2 
Ze 
mie 
4 
4 
as 2 
=x 
O% 0 
Zo 
ge 
ee a 
ao 
eat 4 
Srl? 
wu 
zs 
w 0 Se an See Ne 
a} 
z 
Osta 
Bene 
wor 
* a4 
“J Zw 4 
a ies 
a aha 
a ae 
7 <e 5) Dowell 
<b (a) Plain (6) Dowelled 
a A 
, aa 
cw 


; : (2) During night-time (at 1.15 a.m.) 
a | Temperature gradient of -4 °C from top to bottom of slab 


Slab thickness:......6 inches 
_  teeeae Dowel-bars:......-- 3" dia. @ 12” ctrs 
ae; Weight of vehicle: 19,200 Ib, 


ELEXIONS DUE TO LOADING AT PLAIN AND DOWELLED JOINTS DURING sera 
Day anp Niaur ConpiTions In SUMMER 


| Measured by means of plecitonie apparatus developed by J. J. Trott. as) 


644 LOE ON DOWEL-BAR JOINTS FOR AIRFIELD PAVEMENTS 


Figs 18 
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number of bars. It is impossible to calculate with any degree of accuracyy 
the forces in dowel-bars arising out of such conditions but it is probable es 
that the increased force transmitted will be counterbalanced by the wider 
spread of the load. 

A dowel-bar joint may fail either by bending of the bar or by crushing 
of the concrete at the point where pressure is highest, that is, close to t hed 
face of the joint. The type of failure which occurs in a particular case W lt 
be determined by the relations between the rigidity of the dowel-bar an 
width of joint, and the strength of the concrete. Experiments have show 
that bars greater than } inch diameter in concrete of moderate to higl 
strength are not likely to fail by bending. Failing loads for dowel-batss 
of various diameters are given in Table 4, together with suggested workingy 
loads. The factor of safety may seem small in view of the likely variationss 
in strength between individual dowel-bars but if one dowel-bar in a loaded 
joint is weaker than the rest, then the forces between the dowel-bars will be¢ 
redistributed, and the force on the weaker bar will be reduced. : 

The force in any individual dowel-bar will depend upon the applied 
load, the position of the dowel-bar in relation to the load, the load-transfer! 
efficiency of the joint, the spacing of the dowel-bars, the thickness of the? 
slab, and the modulus of subgrade reaction. The force transmitted by the 
dowel-bar immediately under the load will be greater for wide spacings: 
than for close spacings of the bars, and will be greater where the slab) 
thicknesses and modulus of subgrade reaction are such that the load is 
spread over a small area, than when it is spread over a large area. Thus 
the thinner slabs or the higher values of the modulus of subgrade reaction, 
both of which tend to concentrate the reaction to a load over a small area, , 
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will produce a larger force in the dowel-bar immediately under the load 
than in other cases. The maximum forces in dowel-bars have been 
calculated for selected values of the variables and the minimum size of 
dowel-bar adequate to withstand these forces is given in Table 5, using the 
suggested working loads given in Table 4. 


TABLE 4,—FAILING LOADS OF DOWEL-BARS AND SUGGESTED WORKING 


LOADS 
Diameter of Suggested 
dowel-bar : Failing load : working load : 
inch tons tons 
5 1-5 A 
2 3-1 14 
1 4-5 3 
1} 8:3 64 


TaBLE 5.—MINIMUM DIAMETER OF DOWEL-BAR REQUIRED TO WITHSTAND 
FAILURE UNDER VARIOUS CONDITIONS (FOR A JOINT HAVING A LOAD- 
TRANSFER EFFICIENCY OF 80 PER CENT) 


Modulus of subgrade reaction: 1b./sq. in./in. 


Spacing 50 200 | 500 
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 __ indicates thicknesses of slab likely to be insufficient for the load to be carried. a 
__ Figures in parentheses are extrapolated results outside the range of the laboratory: 
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| 
It is essential that the dowel-bars in a joint shall be able to slide freely, / 
thus permitting the joint to open and close without undue restriction,| 
otherwise the main purpose of the joint will not be achieved. It has been 
found that a single dowel-bar which, by corrosion, has become bonded intog 
the concrete over the sliding end, may resist sliding with a force of up tod 
250 pounds per square inch (44 tons for a dowel 1 inch in diameter by 2445 
inches long), but a new and smooth bright-mild-steel bar, covered with aa 
uniform layer of bitumen, will offer a resistance of less than 2 pounds pera 
square inch. In order to ensure that such free sliding can take place the¢ 
surface of the dowel-bar must be smooth, such as is obtained with bright 
mild steel, and the ends should be clearly sawn so that no burrs are left; 
which would restrict movement. The bond may be broken either by giving: 
the dowel-bar a turn after the concrete has set, or by coating or wrappings 
the bar with a layer of suitable material. The former method can be used 
only where the slabs are concreted by alternate bays ; the latter method iss 
therefore more generally used, but the layer of material must be very thin: 
if it is not to reduce the efficiency of load-transference, and it is also 
desirable if it can protect the bar against corrosion across the joint gap. 
It is also important that the material should not deteriorate with age, in 
such a way that the dowel-bar becomes locked or loose in the concrete. 
A thin film of bituminous material, evenly applied, is probably the most 
suitable to use. Bitumens which can be applied cold are preferable since: 
they can be handled more easily on the site ; hot-applied bitumens have the 
disadvantage that unless the dowel-bars are pre-heated, the bitumen will 
cool rapidly while being applied and an uneven layer will result. A suitable: 
cold-applied material is a thin bituminous paint consisting of a 200- 
penetration bitumen, cut back with a suitable volatile solvent. 
Other materials have been used, such as grease, waterproof pape 
wrappings, and cardboard sleeves. Grease is satisfactory if it can be: 
applied thinly and uniformly, and waterproof paper is also satisfactory iff 
it is wrapped very tightly in a thin layer. Loosely wrapped waterproof 
paper and cardboard sleeves are not satisfactory. Even if the cardboard | 
sleeve initially fits tightly it will compress and deteriorate and in both 
cases a loose fit will result. As a result of this looseness, impact or hammer: 
ing will occur during the passage of traffic which will wear or even spall! 
the concrete, and may eventually produce a funnel-shaped mouth around! 
the dowel at the face of the joint. As a dowel-bar in such a condition is} 
useless and repair is almost impossible, great care should be taken to avoié 
the occurrence of this trouble. e | 
Space must be provided at the end of the sliding half of the dowel-ba 
to allow for closure of the joint. With alternate-bay construction such | 
space may be provided by pulling the bar out slightly after the first slab) 
has been concreted ; but with continuous construction either a compressible } 


Tur ConsTRUCTION OF DowEL-BaR JOINTS 


LOE ON DOWEL-BAR JOINTS FOR AIRFIELD PAVEMENTS 647 


pad must be fixed to the dowel or, as is more usual, a cap provided. Such 
caps may be of cardboard or pressed metal and should be a close sliding fit 
~on the bar. The cap must be set to allow sufficient space for closure of the 
_joint and it should be filled with a wad of cotton waste and the edge sealed 
‘during the painting of the bar, in order to prevent it from becoming filled 
with mortar. 

Accurate alignment of the dowel-bars is most important, and in the 
construction of dowel-bar joints the dowel-bars should be placed parallel 
_ to each other and parallel to the surface and centre line of the slab. Failure 
_ to do this may result in very high pressures being set up between the dowel- 
' bars and the concrete, either by a wedging action if the dowel-bars are not 
_ parallel between themselves or by a lifting or sideways movement of the 
slabs if the dowel-bars are not parallel to the surface or centre line of the 
slab. The shear forces producedinthe dowel-bars by errors in aignmentare 
- given in Table 6 and it is suggested that the maximum permissible tolerance 
should be + 0-10 inch in 12 inches for dowel-bars up to and including 
#-inch diameter and + 0-05 inch in 12 inches for dowel-bars of 1-inch and 
‘greater diameters. For dowel-bars of very large diameter it would be 
- desirable to reduce the tolerance still further but it is doubtful whether it 
' would be possible to achieve greater accuracy under site conditions. 


TABLE 6.—ESTIMATE OF THE SHEAR FORCE IN A DOWEL-BAR DURING 
MOVEMENT OF A JOINT WITH INACCURATELY ALIGNED DOWEL-BARS. 
(CALCULATED FOR A CLOSURE OF THE JOINT FROM 3 TO 4 INCH WIDTH) 


Shearing force: lb. per dowel bar 


_ Error in alignment : 


: inch per 12-inch Diameter of dowel-bar: inch 
A length 
Oa 
: 5 } 1 ly 
a ee a 
‘7 0:02 40 100 200 300 
Sly 0-05 110 260 500 830 
3 0-10 220 500 1,010 1,660 
“2 0-25 550 1,280 2,520 4,150 
, 0-50 1,090 2,580 5,050 8,300 


2 Accurate alignment of the dowel-bars can best be obtained by using an 


assembly which can be cast into the concrete, or by means of drilled and 
split forms which hold the dowel-bars in position while one half of the 
joint is concreted. One of these methods should be used because if the 
_dowel-bars are badly out of alignment, not only will large shear forces and 
consequent high pressure be set up at the joint face but longitudinal move- | 
"ment of the slabs may be restricted. 

The concrete around the dowel-bars must be thoroughly compacted 
S42 


a 
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{ 
because the effective operation of the joint depends entirely upon the bars 
being surrounded by concrete of high strength. The presence of the dowel- 
bars and jointing material presents a large surface area against which the 
concrete has to be compacted, and this large area increases the risk of 
honeycombing. With a properly designed mix, suited to the type. of 
compactor being used, no difficulty should be encountered in obtaining 
good compaction, but careful attention to this point is needed. 5 

The success of dowel-bar joints will depend not only upon proper design 
but also very largely upon careful workmanship in construction ; provided 
the joints are properly constructed initially, no trouble should be exe 
perienced for many years and little maintenance will be needed. Faulty 
construction, on the other hand, may result in the rapid appearance of! 
defects which are difficult and costly, if not impossible, to remedy and in 
some such cases the dowel-bars may even do more harm than good. The 
importance of careful construction and proper design of the joint, therefore, 
cannot be emphasized too strongly. % 


CoNCLUSIONS 


(1) The need for strengthening the edges and corners of concrete pave 
ment slabs has been well established from experiment, theory, and practical 
experience, 

(2) Dowel-bars provide the most generally satisfactory method of| 
strengthening the slab edges at joints. 

(3) Although solid round dowel-bars are most commonly used there is 
some advantage to be gained by using tubular bars. 4 

(4) The size and spacing of dowel-bars needed for effective strengthening | 
of the joint under various conditions can be calculated from the results of 
laboratory tests ; results of these calculations are given in the Paper. 

(5) Where concrete pavements are laid on very rigid bases, the value | 
of dowel-bar joints is somewhat reduced. j 

(6) Dowel-bars are effective in reducing the magnitude of the deflexions | 
resulting from loads at joints when the slabs are warped by temperature 
gradients so that the slab surface is concave. 

(7) It is important that the dowel-bars be accurately aligned and free | 
to slide as the joint opens and closes. 
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diagrams, from which the half-tone page plates and the Figures in the ey 
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a 
Discussion 


The Author introduced the Paper with the aid of a series of lantern 
slides. 

Mr F. N. Sparkes said that the Paper gave much food for thought 
and in his view was a clearly written, carefully considered assessment of 
the advantages and disadvantages of dowel-bars in concrete pavements . 
The Paper was partly theoretical and partly concerned with the results 
of laboratory experiments supplemented by measurements of joint move- - 
ments in the field ; it summarized a large amount of data and of observa- - 
tion. He felt it might be useful, however, to look a little more closely in tO 
the inferences arising from the work and, if possible, to set a background | 
against which the practical application of the results might best be: 
considered. | 

First, it must be emphasized that the problem of load-transfer efficiene} . 
at joints had been considered in the Paper largely from the aspect of cc n= - 
crete roads. That was perhaps inevitable, because dowel-bars were no | 
normally used in runway construction in the United Kingdom, and it had | 
been necessary, therefore, to use the available information on roads. ; 

It might be argued that because cracking and failures were rare on run- 
ways in Great Britain, then there was no problem. Mr Sparkes did not} 
think that was necessarily so. It had been pointed out in the Paper that 
under certain conditions a significant decrease might follow in the stress | 
intensity at the corners and edges of slabs when dowel-bars were included. 
It seemed, therefore, worth while to examine whether that decrease in | 
stress could be used to effect ultimate economy in the cost of building, or: 
in the maintenance of a runway, or both. Mr Sparkes said he wanted to 
underline the need to give consideration to the possibility of effecting | 
economy in the preparation of foundations for concrete runways. | 
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__ It was common practice in Great Britain to take a great deal of care 
i preparing a base which was very strong and very rigid, and to attempt 
to obtain a high modulus of subgrade reaction; he understood that a 
modulus of as high as 1,000 lb. per square inch per inch had sometimes 
been used. That was an extremely high value and, with the many types of 
soils involved, it would be difficult to get that very high value, or even 
values approaching it, without spending a great deal of time and effort in 
preparation. 

Tn his opinion the function of sucha rigid foundation was presumably 
to restrict the deflexion at the edges and corners of slabs when loads passed 
over them. It seemed to him that Mr Loe had shown that the use of dowels 
might effect a similar reduction. If, therefore, a somewhat lower standard 
in the preparation, and a lower standard of stability and strength in the 
foundation were accepted, then the inclusion of dowels might result in no 
greater stress arising in the slab. 

If slabs were designed of uniform thickness, then that thickness should 
be capable of accommodating the stresses imposed at the corners and edges, 
‘and since those were maximum stresses, then the interior part of the slab 
would be thicker than necessary. That method was normally rejected by 
airport engineers as being impracticable. It might be possible to use slabs 
of different thicknesses—a few inches thick in the central area and 
thickened at all the edges—but the economies arising from the use of a 
smaller thickness over the interior portion of the slab would have to be 
balanced against the increased cost of preparing a shaped formation. 

_ The airport engineer would want practical evidence to show that an 
economy or a better performance was likely to be achieved by either one 
or both of those methods. He had very little long-term experience to guide 
him in his designs and, quite naturally, he would be anxious to know 
whether or not they had passed laboratory tests. Mr Sparkes therefore 
strongly supported Mr Loe’s suggestion that a series of full-scale accel- 
erated traffic tests on specific items should be arranged, to investigate such 
questions as to whether or not economy could be effected, or whether the 
stress distribution could be made more uniform by the use of dowel-bars. 
The relative advantages of, and possible economies by, the use of dowel- 
bars could then be readily stated in a way which would be acceptable to 
the airport engineer. He was very glad that some such arrangements had 
been made and he felt that they would produce most valuable results. 

_ Mr A. F. Lambert said that the Paper had a special interest to him 
because it had a bearing on a question which he had asked 3 or 4 years 
previously at an informal meeting of the Airport Division. On that 
occasion a Paper was not being discussed but, instead, three gentlemen 
from the Air Ministry sat at the high table and constituted a sort of 
technical brains trust. Members of the audience asked questions, and 
each member of the “‘ trust ” replied in turn. 

4 MrLambert had been personally engaged at thattime in the construction 
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of the de Havilland runway at Hatfield, which was the only fully 
dowelled runway in Great Britain ; he had asked whether the fact that the 
Air Ministry did not use dowel-bars or other load-transfer devices resulted 
from their being technically unsatisfactory, or because they were too 
difficult (from a practical point of view) to build into the slabs. The reply 
had been slightly evasive, but it had indicated that the Air Ministry did: 
not consider that the case for dowel-bars was fully proved, and until it was 
fully proved, it was not proposed to use them. . 

Mr Lambert said that the Paper had gone a long way to fill the gap.. 
The Author had pointed out the different circumstances in which it appeared 
that dowel-bars might help to solve the problem and had admitted that 
there were other circumstances in which the case for them was far les 
certain. That was the type of Paper—unprejudiced—which had a very 
special value. 

Mr Lambert said that there were several references to longitudinal joint 
in the Paper, but he was left with the impression that the Author had been 
considering only transverse joints and, in fact, transverse joints where theg 
dowel was required to slide. The Author had defined dowel-bars ( 
p- 614) as bars which allowed sliding, but Mr Lambert said he was 
quite prepared to accept that definition. At Hatfield they were called! 
dowel-bars when they held together the two sides of pre-formed joints, a 
they were called tie-bars when they were used for holding together 
cracked faces which were expected to develop at a dummy joint. Would! 
the Author state whether he had in mind dowel-bars or tie-bars, call them 

what he wished, in longitudinal joints ? It seemed logical that if the con-- 
clusion was that they were required transversely, then they must also be 
required longitudinally. In fact, on p. 615 the Author quoted from 
Westergaard in which it was shown that for a certain assumed load in 7 
certain hypothetical condition the stress in the longitudinal joint was; 
slightly higher than the stress in the transverse joint. 

The Author had compared the advantages of strengthening the slab: 
by the use of dowel-bars, with thickening the slab. In his calculations he: 
had said: ‘this cost is given in shillings per square yard of concrete fort 
a case where the length of joint amounts to 150 feet per 100 square ya 
of concrete (that is, for 12-foot-square slabs).” That would appear t 
provide for a joint on only two sides of the 12-foot-square slab and con 
firmed Mr Lambert’s impression that the Author was thinking all the time} 
of transverse joints. If that were so, and if the Author agreed that logically 
some form of dowel or tie was necessary longitudinally as well as trans-- 
versely then the cost allowed for dowel-bars in the example would have to 
be doubled. In that case, Mr Lambert suggested, the dowel-bar would nc 
appear in so favourable a light when compared with thickening the slab. — 

The next point on which he commented was in connexion with th 
apparatus shown in Figs 6 which was used in the laboratory for testing 
individual dowel-bars. On p. 627 the Author had commented : ‘“ With this 
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method of testing, that part of a wheel load which would normally be 
counter-balanced by the reaction of the subgrade under the loaded slab is 
eliminated.” The inference was that the dowel-bar was being more severely 
tested in the apparatus than it would be in practice. Mr Lambert agreed, 
but it seemed to him that the apparatus failed to simulate practical con- 
ditions in another respect. The slab shown as 42 inches long could be 
considered as being in a semi-fixed condition at the dowel-bar end, but 
supported on a roller bearing and therefore pin jointed at the other end. 
In practice, the slab had a degree of fixity at the dowel-bar end, but there 
was no other clearly defined end to the slab. Certainly it was not pin 
jointed. Some distance back from the joint, reversal of stress must take 
place, tension would develop in the upper part of the slab, and the flexural 
stiffness of the slab would come into play and tend to relieve the dowel- 
bar of the load to which it would be subjected in the apparatus. If he were 
correct, the error, if it was an error, was on the right side, and it simply 
meant the dowel-bars tested in the apparatus were subjected to a more 
severe load than would be the case in practice. 

_ Lastly, Mr Lambert said that he was strongly in favour of solid round 
bars, as distinct from tubular bars, in view of the risk of corrosion develop- 
ing on the inside of the tube. The Author had carried out his tests on solid 
round bars, but at the bottom of p. 629 had said that tubular bars, or square 
or rectangular section, could be used, and he had made out a case for greater 
rigidity of those sections for the same weight of steel. Probably that was 
so, but it was always assuming that the dowel-bar was firmly embedded 
in the concrete. He was sure the Author appreciated, as some parts of the 
Paper indicated, the need for first-class workmanship in the use of dowel- 
bars—the whole principle of the dowel-bar depended on its being very well 
built-in. 

_ At Hatfield, round bars 14 inch diameter had been used, and in more 
than 99 per cent of the cases the dowel-bars had been firmly held in the 
concrete ; but there was the odd case in which a small cavity had formed 
underneath the dowel-bar, showing that, owing to some local segregation 
of the concrete, the concrete had moved downwards under the influence 
of the vibrating machine but had not moved sufficiently under the bar to 
provide a proper bond. Very occasionally a bar had been found so badly 
held that it could be turned by hand. If that happened with round bars, 
he thought it would happen far more with square or rectangular bars. 
Mr Lambert then showed some slides illustrating the construction of 
the slabs and joints used in the runway at Hatfield. He observed that once 
a satisfactory technique for holding the bars in the formwork had been 
svolved, and the workmen had become trained in the setting up of the 
jigs, etc., the incorporation of dowel-bars in a runway slab was not a very 
serious problem, and those practical matters should not prevent dowel-bars 
from being considered in any circumstances where they appeared to be 
satisfactory from theoretical considerations of the design. 
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Mr G. S. Cooper said that the Paper had shed some light on one of 
most debatable subjects encountered in pavement design. Many differentify 
opinions had been expressed on the degree of stress relief given by the useqe 
of dowels. Mr Snow, in his Paper on the de Havilland Airfield,1 had stated 
that edge stresses were reduced by as much as 45 per cent and Mr Loeq) 
stated that 40 per cent relief should normally be obtained. On the other! 
hand, the Corps of Engineers, U.S. Army, with probably more experience 
of designing, constructing, and testing airfield pavements than any other 
single authority, had assessed the relief at 25 per cent. Mr Cooper quoted 
from the Corps of Engineers’ Rigid Pavement Design Manual, which had 
been issued in 1951: “ The important function of dowels or any other load-: 
transfer device in concrete pavements is, first, to maintain the alignment ¢ 
adjoining slabs and, secondarily, if possible, to limit or reduce stressess 
resulting from loads on the pavement. Experience has shown that by the¢ 
use of conventional steel dowels, also some of the proprietary devices, the¢ 
first of these objectives is easily obtainable. On the other hand, it i 
significant that pavement condition surveys, extensive laboratory ‘esti 
and various attempted theoretical analyses have thus far failed to establish: 
a true measure of the effects of the dowels on stresses in the pavement. 
It is not unlikely that ‘load transfer’ under certain conditions, as uneven 
support of the pavement by the subgrade, or where any of the slabs areg 
weak or broken, results in increasing maximum stress rather than reducingg 
thice \ 

On the economic side of the question, the Author had tried to show th ati 
a saving of about 2 shillings per square yard could be obtained by sing 2 
dowels in a pavement of a given thickness. However, the 20-foot-square¢ 
slabs, in the experience of the Air Ministry, usually tended to qua r. 
That could often happen when the slabs were designed for corner-stressing3 
conditions under the worst conditions of night stress. Therefore, sincet 
there were not many 15-foot machines available, 10-foot-square panels, 
with a central joint, had been adopted. 

If the Author’s 20-foot-square panels had cracked transversely ¢ nd} 
longitudinally, then there would be three undowelled joints in the middle: 
and the advantage of the original dowels would be nullified. If, however, 
the dowels were put in at 10-foot centres, the cost in the example was 
doubled and there was no economic gain. There was also the question of! 
steel supply. That was a very difficult matter, and all alternatives, even 
though slightly more costly, such as adding extra concrete, must be care-- 
fully considered. The Author was optimistic about steel becoming plenti 
ful again, but it should be borne in mind that 1,300 tons of steel were: 
required to provide dowels in the present-day single-runway airfield for} 
heavy aircraft, and Mr Cooper thought it might be many years before that 
amount of steel could be used without any qualms. 4 


1 F, §. Snow, “The de Havilland Airfield, Hatfield.” Instn Civ. Engrs, Airpo 
Paper No. 12, 1949. fonre | 
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_ No reference had been made by the Author or by later speakers to the 
performance of dowels. So far as he knew, there was very little evidence 
available to show how dowel-bars had performed after, say, 5 years. It 
would be very interesting if some could be taken out at the de Havilland 
airfield to see whether they were, in fact, still functioning as dowels. If 
_ they were free and able to slide in their sockets, or, alternatively, if they 
had been moving and had worked sufficiently loose to allow } inch play 
(this had actually occurred in America), then they were quite useless. 

__ Mr Cooper felt that despite the advantages—lining up the slabs and 
| limiting deflexion—the case for dowels had still to be proved. 

_ Mr B. J. F. Bradbeer said that, having been engaged for more than 
25 years in the construction of concrete roads, it had been a pleasure to 
read the Paper and to see in it the elucidation by instrumental measure- 
ment and scientific calculation of many of the problems with which 
engineers had been confronted in past years when, without such technical 
appreciation, decisions had had to be taken about the use of dowels and 
" tie-bars based only on practical experience, very simple calculations, and 
on positive, observed results. During the 10 years prior to 1939 he had 
taken an active part in the construction of about 50 miles of concrete 
carriageways in one county in G:cat Britain, and all of those roads were 
- to-day in substantially good order. 

__ It might be interesting to reflect that in those roads dowel-bars were 
introduced tentatively in 1931, in embankments and doubtful ground. 
- Some tie-bars—across the longitudinal joints—were also used at that date. 
' By 1935 the evidence appeared to show that both the dowels and the 
| tie-bars offered an effective answer to many of the problems. From 1935 
_ onwards all the roads—that was, the greater part of the 50 miles—were 
_ constructed with dowels and tie-bars. One of the first results of the dowel- 
_ bars was a considerable saving on maintenance of the joints and an almost 
~ complete disappearance of deflexion and spalling of the joints. In the case 
_ of the tie-bars, the parting of slabs, which had occurred here and there 
- before, appeared to be mastered. The cost (part of a penny per square yard 
_ of a road) had been considered to be worth while as a form of insurance. 

__. During the war, maintenance of the joints was sadly neglected, and it 
_ was interesting to find that although many of the roads had been under 
unusual traffic in anti-invasion and other training exercises, with heavy 
vehicles and tanks, the dowelled and tied joints had suffered very little 
fA damage and the results were satisfactory. In all cases the dowels were of 
~ smooth round mild steel, ? inch or 1 inch diameter, at 12- to 15-inch centres 
- according to the slab thickness and estimated weight of traffic. Great 
care had been taken to set the dowels parallel, for which reason the length 
- of the dowels was not less than 3 feet to enable them to be held in some 
form of jig during concreting. The dowels had been made to slide freely 
"at only one end by a wrapping of waterproof paper, with a cap in most: 
cases, and the only indication of possible improvement in those early days, 
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was that the paper wrappings were too thick. In some of the older ro 
there was some evidence of movement and a slight bumping could bes 
heard during the passage of very heavy lorries; that had been corrected 
in the later design. Quoting from his own experiences in connexion with 
one particular road, Mr Bradbeer said that for several miles the sliding 
had been provided for by the use of thin metal sleeves, but after several 
years there was evidence that in some cases they had rusted, so preventing ; 
sliding, because nowadays the expansion and contraction sometimes took : 
place over as many as three bays together—150 feet. That might be ani 
advantage ; it had been learned that joints could be made farther apart ; 
than they were in those early days. Dummy joints had been employed in i 
places and had been tied with indented bars, some of which, 18 years ol ss 
had held the faces in close contact and had prevented the entry of any ' 
foreign material. The jomts were quite free from any form of spalling. © 
Tie-bars across one or two joints were of hooked or hair-pin shape, of ' 
various sizes and spacings, but there was always provided a minimum of ’ 
one square inch cross-section of steel for every 10-foot-run of joint. That | 
had been completely effective in preventing the parting of slabs which had > 
been seen on some of the older roads. That parting appeared to occur | 
on roads where the foundations at the edges were likely to be affected by | 
changes in moisture content during the variation of the seasons. The 
edges of the slab in bad soils tended to rise and fall according to the extremes 
of drought or heavy rainfall. In the worst case encountered, the channels - 
of the 20-foot carriageway had risen and fallen 2 inches, and the complete - 
range of movement in one season had taken place in a period of only 7 
weeks. It appeared that when the edges of the road were depressed, the — 
centre joints, unless they were well tied, opened and permitted foreign 
matter to enter the top part of the joint. When the edges of the road rose” 
there was a nut-cracker effect, and the very great leverage could force the — 
slabs apart. Unfortunately, that tended to be a cumulative movement 
where ground conditions were of that unfortunate nature. The horizontal — 
force necessary to move the slab sideways did not appear to be great, from _ 
Mr Bradbeer’s observation, because he had found it possible to check the 
movement very simply by the use of large mild-steel dogs, about 5 feet 
long with hooks at the end. Drilled into the concrete, they had been quite — 
effective, and the stress did not seem to be large, but the little increments | 
each season did have the effect he had indicated unless bars were in place. 
On the worst foundations, even where the bars were in place, there had been — 
some movement. | 
In that respect, so far as the modulus reaction of the clay upon which 
many of those roads were built was concerned, a modulus of subgrade 
reaction as uniform as possible at 200 to 250 would normally be accepted, 
as compared with 1,000 mentioned in the Paper. Probably that was why 
particular attention had been paid to that class of work in East Sussex. _ 
Since 1935, he estimated, about 120,000 of those bars had been used and 
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in no case had there been any sign of failure or cracking away of the bar, 
or of breaking of the concrete caused by local excessive stress. 
- Mr W.P. Andrews complimented the Author on the Paper because it 
‘covered a subject on which far too little had been written in Great Britain, 
but on which there had been a lot of research in the United States. Dis- 
cussing the subject with engineers there, he had been surprised at the meticu- 
lous care taken both with the workmanship and with the specifications. 
The State of New Jersey, for example, had a specification for dowel-bars 
and assemblies running from two to eight pages compared with our five 
or six lines. It was interesting to recall that as long ago as 1934 in that 
State it had been found that 3-inch dowel-bars were not satisfactory— 
they rusted and broke—and after 1934 a standard 1}-inch bar had been 
adopted. The Chief Engineer, Mr Van Breemen, had told Mr Andrews 
that his greatest problem with dowel-bars had been to ensure the preven- 
tion of bond between the concrete and the bar. In the course of time a 
most complicated arrangement had been evolved in which the dowel-bar 
was enclosed in a shaft of stainless steel which fitted tightly over the bar ; 
the inside of the shaft was given a slight coating of oil. The shaft covered 
the free end of the bar and extended through the joint into the other slab, 
so that there was no corrosion at the joint. 
It was also interesting to note that in the same State, which was one 
of the most progressive in the United States, most unsatisfactory behaviour 
by the cills or sleepers under the joints had been observed. Their cill was 
“most elaborate—5 feet long, 3 inches thick at the edges, tapering to 7 
inches at the centre, and reinforced. Under heavy traffic, even in reason- 
ble subgrades, the cill was driven down into the subgrade and gave entirely 
unsatisfactory service. 
-- Reference was made on p. 616 to tongue-and-groove joints. Mr 
_ Andrews had always wondered why it was that they made their tongue- 
_and-groove with a slope on the tongue. It might be for easier construction, 
_but it meant that if the slabs moved apart, one went downwards and it was 
‘more difficult for the slab to get back and close the joint again. A more 
‘sensible arrangement was the interlocking joint (illustrated by a slide) 
designed by the late Mr J. H. Walker, a Member of the Institution. It 
was well known to the Air Ministry and had been used extensively during 
the war. , : 
Mr Andrews referred to a joint he saw about 20 years ago in Lancashire. 
It consisted of three steps in a 10-inch-thick slab (4 inches, 3 inches, and 
*) inches) with the treads covered with bitumen, which allowed one slab 
to move on the other. It had the great advantage of being practically 
water-tight since it stopped water from getting through the joint into the 
‘subgrade. In the risers the expansion joint filler was incorporated. Mr 
‘Andrews said he would have expected cracking to occur, but in fact after 
20 years the joints were still perfect. ; 
He endorsed Mr Loe’s remarks aboutthe necessity for good workmanship, 
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the smoothness of the bars and their freedom from burrs at the ends, 
their true alignment, and the provision of caps to permit the movement 0 
slabs. Reference had been made to assembly units and the absence of 
really satisfactory units on the market. Mr Andrews had seen in Washing-; 
ton and Chicago, museums of assembly units—museums of failures—andi 
had been told by leading engineers of the Federal Government and other 
prominent engineers that there was not one satisfactory assembly unit 
the market. He had also found that the cost of an assembly unit wasq 
very high. ; 
Mr Andrews thought the best thing was to improvise. He showed aq. 
slide to illustrate that dowel-bars could be effectively positioned by timber: 
or steel forms. He said that in his experience, lack of alignment in all’ 
planes had prevented the expansion joint from functioning and had caused 
cracks to develop immediately above the end of the bars about 18 inches: 
from the joint. } 
Mr Andrews referred to a pre-war case of a cycle track where dow 
bars had been put in but with no caps on the end of the bars and no pro- 
vision for expansion. The work had been done in cold weather, and in h 
weather the slabs expanded and one slab rose about an inch higher than the ' 
adjoining slab, bending the bar, and thus preventing the slab from return- 
ing to its original position. The engineer concerned had condemned the 
principle, but it was not the principle which was wrong—it was the oo , 


ono 


to provide for expansion. » 
Mr Bradbeer had referred to dowel-bars used in East Sussex 20 years j 
ago. The earliest use of dowel-bars to his knowledge, Mr Andrews com- - 
mented, was in 1927 in a road constructed over a peat bog. The road was 
9 inches thick and doubly reinforced, in which dowel-bars 3 feet 6 inches 
long had been used. That road was still in perfect condition to-day; ; 
there was not a crack. However, in the course of time the dowel had worn | 
away the concrete above it and, although the road surface was perfectly 
good, when a heavy lorry passed over the road there was a “ bump, bump ” | 
at each joint. One speaker had suggested that there was no experience 
with dowel-bars 5 years old, but those were 25 years old. The result was | 
perfectly satisfactory except for the “‘ funnelling,” and Mr Andrews was | 
not sure what the cure for that was. The only solution appeared to be to | 
put another 6-inch reinforced slab on top, breaking joint with the present | 
joints. 
Mr Andrews exhibited some slides illustrating the positioning of dowel- 
bars, under different conditions, and showing examples of bad alignment — 
-in two cases and careful workmanship in another. ; - t 
Mr N. F. Truscott said that there seemed to be a slight discrepancy 
between Figs 14and 17. In Figs 14, in the case of a loaded lorry (c), there 
appeared to be a range of relative deflexion of -075 inch, under the wo: st 
conditions. In Figs 17, in the plain slab, which was the comparable case. 
there was a range of movement of only -006 inch. So far as he could see, - 
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‘the conditions in the second case were worse than in the first. The first 
was an 8-inch slab, on a gravel base, the vehicle weighing 16,600 Ib. ; 
the second case was a 6-inch slab, on an unspecified base, the vehicle 
weighing 19,200 lb. Yet there appeared to be one-twelfth of the deflexion 
‘compared with that found in what appeared to be a less severe case. 
 *,* Dr Guthlac Wilson observed that on p. 621 the Author gave as 
the third requirement of a dowel-bar joint that the ‘“ dowel-bars shall not 
‘unduly restrict the freedom of the slabs to warp.” It was not clear why 
that was undesirable. It would appear at first sight that restriction of 
warping would be helpful, since it would tend to keep corners and edges 
‘down to the ground. 

In Table 4, on p. 645, the Author gave failing loads of dowel-bars and 
‘suggested working loads. Dividing the latter by the former, it would 
‘appear that the recommended factor of safety for 4-inch and 3-inch dowel- 
bars was 2, that for 1-inch dowel-bars was 1-5 and that for 14-inch was less 
‘than 1-3. Why was it recommended that the factor of safety should drop 
‘so sharply with increasing diameter of bar? Dr Wilson suggested that a 
factor of safety of less than 1-5 was undesirable. 

- The Author, in reply, said that he thought the suggestion put forward 
by Mr Sparkes that the extra support given by dowel-bars to the edges 
‘and corners of slabs would enable a less rigid foundation to be used, was 
one which would be well worth testing on a full scale. Very rigid bases 
were both difficult and costly to prepare and their rigidity was not always 
‘an advantage ; it was believed that the inability of such bases to accom- 
‘modate themselves to the warping actionof slabs did, under some conditions, 
eause cracking. 

-. Mr Lambert had suggested that dowel- or tie-bars should be used in the 
Jongitudinal joints, and the Author fully agreed with that suggestion. In 
Figs 3 allowance had been made for dowel bars in all joints; it was based 
‘on the case of a slab which was surrounded by similar slabs, and where 
there would be an average of one transverse and_one longitudinal joint 
per slab. “ 

The method of test was designed to simulate the conditions to which 
a, dowel-bar was subjected in a road slab. The load applied to the test 
‘specimen was equivalent to the load transferred by a dowel-bar in a road 
joint, and the roller bearing used in the test specimen allowed some 
angular movement to occur at the same time as the vertical displacement. 
‘The Author agreed with Mr Lambert that road conditions were not re- 
produced exactly but that could be done only by very large specimens 
—unsuitable for laboratory tests—or by the use of a complicated mechan- 
ism which would reproduce the movements due to warping. 
2 It was very interesting to hear from Mr Lambert that experience in 
the construction of the de Havilland runway at Hatfield had shown that, 
ib: Satteals *,* This contribution was submitted in writing.—Sxo. I.C.E. 
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with a satisfactory technique and trained workmen, the installation om 
dowel-bars was not a very serious problem. i 

Mr Cooper had quoted from the Specification of the U.S. Army Cot Ds 
of Engineers, in which it was stated that the function of dowel-bars vias 
maintain the alignment of adjacent slabs, and that the limitation on} 
reduction of stress was a secondary matter. Even so, they assessed tha 
stress reduction at 25 per cent and evidently considered that worth while 
for they still continued to specify dowel-bars and were using bars of Py) } 
inches diameter in certain cases. The Author’s experience with thaj 
thinner slabs and lighter loads on roads had indicated that the stress— 
reduction in such cases was greater than 25 per cent. Mr Cooper hac® 
said that the question of using dowel-bars was the most debatable subjec 
in the design of pavements for airfields and that the case for dowel-bars 
had still to be proved. The Author thought that clearly indicated a very 
real need for tests to be made on airfield slabs in Great Britain, where 
conditions often differed appreciably from those in America. Particulan 
attention should be paid to the performance of joints under night-time 
conditions ; the importance of that was clearly shown by Figs 14, 16, 17: 
and 18. 

Mr Cooper reported that the 20-foot-square slabs tended to quarten 
and that it had been necessary to sub-divide these slabs into 10-foot- 
square bays, which of course would mean having a very large quantity 
of dowel-bars. The Author felt it was rather a pity that machines couldd 
not be built or modified for constructing 15-foot-wide slabs; experience 
in Great Britain and in America had shown that the joints could be spaced 
at 15-foot intervals with only a very small risk of the slabs cracking: 
Compared with 15-foot-square slabs, 10-foot-square slabs needed 50 p pe 
cent more joints and it seemed that much extra maintenance was beingg 
created, to say nothing of the cost and the problems of forming the addi i. 
tional joints in the first instance. | 

Mr Cooper had asked how dowel-bars performed after, sat 5 yea 
Since the Paper was written it had been possible to make some measuré 
ments on a road which had been constructed in 1931, and had ca ied d 
constructional traffic for 2 years and a large volume of heavy traffic ev 
since. The road contained both plain and dowel-bar joints. Measurement 
revealed that horizontal movements were occurring in all joints but that tt 
the amount of movement at the dowel-bar joints was a little less than att 
the plain joints. That showed that, with proper construction, dowel-bai 
did not become completely bonded into the concrete after a period « 
time. The relative vertical movements at the dowel-bar joints did not} 
exceed 0-001 inch whereas at the plain butt joints it averaged 0-059 ine h 
That showed that the dowel-bars remained effective as load-transfer devices 

Mr Bradbeer’s experience had demonstrated, in a practical manner, 
the value of dowel-bars in joints in roads. The question of maintenance 
was extremely important, and anything which could be done in designing} 
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a runway to reduce maintenance or avoid undue risk to the pavement, if 
maintenance had to be neglected at some time, should certainly be fully 
considered. 2 
The Author was glad to hear Mr Andrews’s remarks on the need for 
good workmanship and accurate alignment of the dowel-bars. His 
experience that it was best to improvise supports to position the dowel- 
bars, using timber or steel forms, was a point to be noted. 
~~ Mr Truscott had referred to the difference between Figs 14 and Figs 17. 
The scales were correct but the Author was glad Mr Truscott had drawn 
attention to that, since the records given in each Figure were intended 
for comparison within themselves and not between the Figures. The 
measurements had been made under different conditions, and three factors 
would contribute to the differences in the deflexions. First, the apparatus 
had been placed close to the track of the vehicle for the measurements in 
Figs 14 whereas it had had to be placed 4 feet away for those in Figs 17. 
‘Secondly, the vehicle used for the measurements in Figs 17 had had its 
‘weight nearly evenly distributed between front and rear axles, the rear- 
axle load being 10,300 lb. compared with 13,500 Ib. for Figs 14. Thirdly, 
Figs 14 and Figs 17 (a) referred to plain butt-joints where the amount of 
load-transference depended upon whether or not the slabs were butted 
together at the joints. In Figs 17 the slabs had been more closely butted 
together at the time of making the measurements than in Figs 14. 
_ Dr Guthlac Wilson had asked why it was necessary not to restrict the 
‘warping action of the slabs: that was because, when a slab was subjected 
to temperature gradients, high stresses would develop unless it were 
‘permitted some freedom to warp by the flexibility of the joints. It was 
desirable therefore, to permit warping to take place, although it did result 
in increased relative movements at the joints. 
- Regarding the factor of safety, it was not felt essential that that 
should be large, for the reasons stated in the Paper, and it was considered. 
that a small margin between working stress and ultimate strength, rather 
than a percentage factor of safety, would be adequate. The Author 
realized that that might be open to question but he felt that the values 
suggested were a reasonable compromise between providing some safety 
margin, and the need for economy in steel. . 
_ Finally, the Author hoped that the Paper would lead to further con- 
sideration being given to the problem of whether or not dowel-bars should 
be used in airfield construction; he thought that there was sufficient 
evidence in their favour to justify the making of full-scale tests. The 
discussion had shown that dowel-bars in roads had resulted in worth-while 
benefits, and that their use in at least one airfield had not led to undue 


difficulties in construction. ie 
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’ - Correspondence on this Paper is now closed and no further contribu- 
ions may be accepted.—Sxc. I.C.E. 
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SYNOPSIS 


The Paper first describes the preparation of the road surface by means of the 
method of heating and planing. The principles underlying this work are described 
suitable conditions for the method are detailed; the types of machinery available 
the results obtained, and the operating data, including typical costs, are given. 14 
dangers inherent in this method are also described. Q 

The first method of producing the finished surface to a road is dealt with undex 
‘* Non-Power Operated Spreaders.’’ The type of machinery available, with a descri 
tion of its construction, its method of operation, data on its use, and results obtaine 
are fully described. The limitations of this type of machine are also dealt with. 

Power-operated machines in common use are treated at greater length and tl 
Paper includes a detailed description of the Barber-Greene machine, the history of’ 
advent into current practice, and a full account of the principles on which it operat 
A critical analysis of the economic considerations lying behind the efficient use | 
this machine is given, supported by current American thought and practice on t 
matter and illustrated by means of statistical data. Two charts are included, 
illustrating the economics of the supply of materials to the machine, the other giv 
faults occurring in operation and their remedies. A code of practice for the best t 
of the machine is included. 

The latest development in the control of the supply of materials by radio to ¢ 
Barber-Greene machine is described under the heading ‘‘ Intercommunication.” 

At the end of the Paper are some practical data for adequate maintenance of the 


Barber-Greene machine. | 


Tux Committee’s terms of reference for this Paper were purposely 
strictly limited. It was not to be a treatise on mechanized road-makin 
but was to deal solely with the use of machines for the production of the 
finished running surface (excluding concrete). At the same time, 1 


INTRODUCTION 
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Committee asked that whilst the mechanical resurfacing of roads and the 
various machines available and their methods of use should be covered 
as widely as possible, the Paper should also deal with the running main- 
tenance of the Barber-Greene machine, because this type of machine 
was the one most generally used for producing finished surfaces. Conse- 
quently the machines and methods for heating and planing, and for non- 
power and power-operated spreaders, constitute the scope of the Paper. 
Lack of space prevents any reference to mix-in-place machines such as 
the grader, the Woods Machine, P. & H. Stabilizer, and other machines 
of American origin. 

It will be seen, therefore, that the Paper has limitations set by the 
terms of reference. There is no mention of any mechanized work on 
foundations, on drainage, or on what might generally be described as major 
shaping-up operations such as superelevation, except those that can be 
executed by the Barber-Greene. Neither does it cover the present practice 
in Great Britain for the manufacture of materials for spreading by mechan- 
ical means. 


HEATING AND PLANING 


Hitherto the elimination of corrugated surfaces has presented a difficult 
problem, because surface dressing, and even resurfacing, has often resulted 
in the new surface assuming the irregularities of the old. Moreover, the 
continued impact and vibration of traffic on such corrugated surfaces may 
seriously threaten the stability of the carriageway foundations, apart from 
causing considerable discomfort to the drivers and passengers of all classes 
of vehicles. 

The development of combined heating and planing provides an 
aspect of road maintenance whereby corrugations and similar malforma- 
tions can be removed and a reasonably true running surface obtained, 
without disturbing or injuring the carriageway foundations. Where 
applicable, this method of treatment is particularly advantageous in 
cases where it is impracticable to raise the level of the carriageway in 
urban areas by reason of the levels of adjoining footpaths and properties. 
It is also suitable for the removal of old surface dressings which, owing to 
excessive binder content resulting from repeated surface dressing applica- 
tions, have become corrugated with consequent irregular riding surfaces, 
in addition to the removal of asphalt surfaces preparatory to resurfacing. 
Furthermore, the cost of laying an asphalt or carpet on a true surface is 
much less than on an uneven surface, owing to the greater covering 
capacity per ton of material. The planed-off material which is removed 
by this method can be re-used, while still hot, for the surfacing of secondary 
roads and footpaths, but it frequently needs some subsequent surface 
jressing treatment, owing to the effect of heat on the original binder. 

Three types of heating and planing machines are available which are 


li 
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generally of similar features though differing in the method of planing 4 | 
Normally a battery of two or three heaters is used, each heater being; 

about 7 feet square and so spaced that the heating is progressive. Follow i- 
ing the first application of heat, the hot combustible gases are dissipate 
before the second application, and again before the third application, 
that the ignition of these gases and consequent charring of the road surface 
is thus avoided. The penetration of heat through the road surface : if 
achieved by hot air and by direct radiation within the heated hood, so that, 
the flame does not come in direct contact with the road surface. On very 
“ fatty ” surfaces, with a low flash point, some temporary ignition of these 
gases may be experienced, but since it is only vapour which so ignites 
it does not affect the value of the material. : 

The heating and planing unit is usually designed with as long a wheek 
base as practical considerations will allow and the rotary or diagonal cuttings 
blades are set to produce the maximum degree of planing possible, whilst a: 
positive adjustment for depth of cut is provided and blades can be cambered 
as required. In earlier experimental machines, it was discovered that: 
fixed planing blades were not entirely satisfactory ; that resulted in the 
introduction, in some machines, of reciprocating blades which move 
transversely to the direction of travel of the machine. 

In practice, it has been found that at least two light cuts are preferabl ed 
and more effective than one deep cut, whilst subsequent cuts can be under- 
taken to reduce excessive camber. In exceptionally severe conditions af 
system of scarifying tines can be brought into operation in front of the« 
cutting blades to loosen up the heated material on a deep cut before planing. 
Depth of cut can be varied according to conditions from } inch to 14 incht 
on surfaces ranging from surface dressing to stone-filled asphalt. 

The planed-off material or windrow is discharged centrally at the 
of the machine and is easily recoverable either by hand or by mechani 
means. The rate of progress of the machine generally varies according 
to the type of surface and depth of surface to be removed. It has 
capacity of about 2,000 square yards per day or 12,000 square | 

per working week when making two cuts on ordinary surface ng 
the progress is correspondingly slower on asphalt surfaces or when 
particularly deep cut is required, 

The costs of the various kinds of work undertaken by such machi 
are of the order shown in Table 1. 

The surface, so heated and planed, generally provides a smooth i 
surface, since all corrugations and irregularities are thus removed togethe 
with all surplus binder content and fatty portions. The surface, however, . 
presents an open and dry texture and benefits by being kept open to tra’ 
for some time before being resurfaced. The wheel action of traffic ten 
to remove some of the excess of binder brought -to the surface by 
heating and planing process and by atmospheric action, and, in conse: + 
quence, the possibility of a new carpet becoming “ fatty ” is largel 
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ie TABLE 1 

a , i 

7 Up to 10,000 10,000 to More than 20,000 

square yards : 20,000 square square yards: 
yards : 
cost cost cost 
per sq. yard per sq. yard per sq. yard 

“Yar and bituminous 

sprayed surfaces : 

— Upto2cuts. . 1s. 53d. 1s. 44d. 1s. 33d. 
3rd cut. ’ 7d. id. 7d. 
- Bituminous carpets : 

- Upto2cuts . 1s. 8d. 1s. 7d. 1s. 6d. 

fe Srdout . . . 9d. 9d. 9d. 
Cold asphalt : 

—  Upto2cuts . ls, 9d. 1s. 8d. 1s. 7d. 
- Bra ane. 10d, 10d. 10d. 
- Hot asphalt : 

 Upto2cuts . 2s. Od. 1s. 11d. 1s. 10d. 
_ 3rd cut Sets 11d. 1ld. 11d. 


ee 


minimized by adopting this course. The heated and planed surface 
should, however, be either surface-dressed or resurfaced within a few 
months to obviate deterioration under traffic and weather conditions. 


> Non-Power-OpERATED SPREADERS 


i The non-powet-operated spreader has been designed, generally speak- 
ing, for spreading the finer dry and coated materials, although it can be 
used, under favourable conditions, in laying the coarser grades. Its object 
_ is to spread such road materials to uniform pre-determined thicknesses at a 
more rapid rate and to a higher standard of grade level and texture finish 
than can be accomplished by skilled hand labour. This is achieved by a 
 sereeding action in which the material is struck off by one or more screed 
“plades, which are set to the required thickness of coat in relation to the 
~ machine’s runners, or skids resting on the prepared base, and on which the 
machine is propelled. Manually operated adjustment is provided to vary 
“the thickness and width of the applied coat, and the required camber 
ean be pre-set. Being devoid of any means of propulsion, it relies for its 
"prime mover on the vehicle delivering the material, or on some independent 
- towing unit. 
_ There have been two such machines produced in Great Britain : 
(a) The Rapier Adjustable Spreader and 
ae: - (b) The Phoenix-Edwards Spreader. 
‘Phe former machine went out of production in 1948, and it is under- 
stood that it is not intended to produce any more. It will be necessary, 
therefore, only to considet the second machine. The Phoenix-Edwards 
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Spreader was introduced on the market about 2 years ago, and the utmost 
simplicity has been aimed at in the design of this machine. It isa much 
lighter machine, weighing only 17 cwt. compared with the 2 tons of the 
Rapier Spreader, and it is of such simple operation that it is well within: 
the capabilities of the ordinary roadman to use efficiently. 
It consists of a rectangular steel framework mounted on two pneumatic- 
tired retractable wheels on which it forms a two-wheeled trailer, easily’ 
manoeuvrable by one man, and, being provided with a rigid towbar, 
can be towed from job to job by any road vehicle fitted with a tow hook. . 
For operating, the wheels are retracted by means of fitted screw jacks, , 
and the machine then rests on skids or runners. Three V-shaped screeds : 
are fitted, the centre one having its apex to the rear and having bleed | 
gates at the open apex by which an operator, standing on the platform | 
provided, can control the flow of material to the rear finishing screed. 
The centre and rear screeds are extendible giving minimum and maximum . 
operating widths of 6 and 8 feet respectively. The whole machine can be | 
adjusted vertically from the runners by means of screw jacks, to give a. 
thickness range of from 0 to 3 inches. 
In operation the machine is coupled to the delivery lorry by means of ' 
chains and the material is fed from the lorry directly on to the road in 
front of it, either by manual shovelling or by partial tipping of the load, or 
a combination of both, as the work proceeds. The bleed gates are con- 
trolled by an operator standing on the platform provided on the main 
frame, from which position he controls the flow of material to the rear 
finishing screed. Little skill is required, and an intelligent roadman can, — 
after a little practice, arrange the flow of material so as to leave a windrow 
on both sides or either side of the machine for feathering out at the channel 
or centre joint, or not, as required. A normal team for operating this 
machine consists of two men feeding material from the towing lorry, one 
operator, and two or three men with rakes feathering out at the channels — 
or centre joint according to the nature of the road edge. This total of six 
men can be reduced if the material is fed by tipping from the lorry. 
This type of machine is capable of dealing quite effectively with the 
small-aggregate materials, and is most efficient on fine grades such as cold — 
asphalt. Although capable of handling dry and coated materials up to | 
1}-inch grading, the machine, being of light construction, is not suitable 
for coarser material. Its output appears to be limited only by the rate 
at which the material can be fed to it, and this ranges from 12 to 20 minutes 
(according to the experience of the gang) for a load of 6 tons. The daily 
output of the machine, however, is usually reckoned as being 90 to 100 tons, — 
since delays arising from hitching the spreader to each lorry that arrives 
on the site, adjustment to the machine, and other unavoidable causes may 
reduce the actual spreading time of the machine by about 2-3 hours. 
The finished results are considerably better than those obtained by 
hand spreading, and output is much increased. Since the machine 
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‘operates on runners, local depressions, or high spots less than 10 feet long 
are eliminated, and a very smooth running surface is obtained. Owing to 
‘the screeding action in laying, little or no segregation takes place, and the 
finish presents an even and uniform texture ; thus one of the major faults 
of hand spreading is eliminated. 

__ The non-power-operated spreader cannot compete, in major works with 
thick applications, with the Barber-Greene Finisher, which, by means of 
“its floating screed, can anticipate and correct high spots and depressions 
of much greater magnitude and length than are within the capabilities of 
this machine. Relying, as it does, on the free flow of material against a 
“sereed blade, the supply of coated materials must be at temperatures to 
allow of this free flow, and, except for cold asphalts designed for cold laying, 
‘low temperatures of materials and climatic conditions tend to cause drag- 
ging, particularly with high-viscosity binders ; this is a tendency to which 
all mechanical spreaders are inclined—although to a lesser degree where 
‘the screed can be heated. Generally speaking, the usefulness of the non- 
- power-operated spreader is most evident with the smaller grade materials, 
and the ease of mobility and its economic adaptability to the smaller jobs 
“makes the Phoenix-Edwards Spreader a useful addition to the plant of a 
highway authority. 


os 


% PowER-OPERATED FINISHERS 

- General Principles 

During the past 10 years there has been an almost complete change- 
- over from manual laying of surfacing materials to laying by highly special- 
ized mechanical finishers incorporating automatic arrangements for feeding, 
distributing, compacting, and striking-off the coated surfacing material, 
- which is fed direct from the delivery lorry into the hopper of the machine. 
_ At no stage of this process need the material be touched by hand; the 
results obtained are incomparably better than those from hand work ; and 
the cost is less because the machine can accept and lay many times more 
‘material in a day. The use of these mechanical laying devices began in 
the United States before the second World War and was first introduced 
extensively into the countries of the Western hemisphere in the laying of 
of surfacing materials on airfields. After the end of the war the use of 
‘these machines for road making was somewhat tentatively begun and, as 
: experience of their capabilities and satisfaction with their performance 
become more widespread, their use increased at an accelerated rate, — 
_. Before embarking on a consideration of the actual laying of surfacing 
"materials it is important to.realize that machine laying and hand laying 
involve separate and widely different techniques, and that in both con- 
ception and practice it is incorrect to regard one as a development of the 
other. Hand laying is an art, dependent upon an acquired personal skill 
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in the use of hand tools. Little talent for organization is required, the 
pace of the work is that of the manual labourer, the daily output and ex- 
penditure are small, and the results are, by present standards, of in- 
different quality. Machine laying, on the other hand, requires a greater 
knowledge of a wider range of surfacing materials, a skill arising from know- - 

ledge and experience rather than manual practice, and a considerable 
aptitude for organization (if the machine is to be used to its full capacity). 
The daily output and rate of expenditure are high. The actual laying tech- 
niques themselves are also very different—so much so that it is often dis- - 
advantageous to employ men who are skilled hand layers upon machine} 
laying work, because they frequently carry with them hand laying practices 5 
which are prejudicial to the machine-laying technique. Similarly, the » | 
supervisory capacity required is of a much higher order. Whereas the hand- - 
laying gang could safely be left in the charge of a competent foreman, the : 
mechanical finisher requires, and should have, much more highly qualified |B 
supervision if it is to be employed fully and to the best advantage. It is| 
not uncommon for a finisher to lay some hundred of tons of surfacing | 
materials in a day and it is essential that supervision appropriate to this | 
rate of progress and expenditure should be provided. Furthermore, the | 
technique of specifying and manufacturing surfacing materials has ad- | 
vanced today to a stage of almost complete reliability, so that the operation | 
of laying, which can produce such a great difference in the quality, cost, and | 
life of the finished surface, is thrown into prominent relief. Not only is the 
riding quality of the machine-laid surface much better than that of hand- 
laid work but there are certain fundamental differences between the surfaces 
produced, the laying technique, and the rate of progress, which are of much © 
wider implication. Hand-laid surfaces contain many irregularities of short — 
amplitude and length and the traffic impact stresses which are induced by 
such irregularities have a marked effect in aggravating the irregularities 
themselves and promoting the disintegration of the road surface. Machine- — 
laid surfaces, on the other hand, by reason of the automatic levelling and — 
smoothing principles on which most of the finishing devices are based, — 
do not contain irregularities of this nature and the riding quality of the 
surface is improved and its life prolonged. Furthermore, whilst it was 
virtually essential in the days of hand laying to prepare the base to a pro- 
file corresponding to that of the finished surface (because of the unconscious | 
tendency of the layers to follow the base contour, and of the inability to 
produce good or uniform compaction before the surface was rolled, so that, — 
on compaction, differential consolidation occurred according to the thick- 
ness, and the finished surface approximated in irregularity to the base con- 
tour, though to a lesser degree) the mechanical finisher will compact varying 
thicknesses to uniform density, within normal limits of construction, and 
will strike-off the surface to a high degree of accuracy, and differential com- 
paction does not occur under the roller. Indeed, it has been found that the 
effect of traffic is frequently to lessen the type of minor irregularity which — 
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may be produced by the mechanical finisher so that the riding quality of 
the surface tends to improve and not to deteriorate. The effect of this on 
the technique and cost of the base preparation is considerable, though 
it is perhaps necessary to emphasize that in the use of these techniques 
great care should be taken in the provision of adequate drainage for the 
base on which the surfacing material is laid, so that such techniques may 
not be brought into disrepute by the use of incompatible materials in the 
ase and top surfaces or by the use of unsatisfactory methods. 
_ The economic implications of the change in conditions produced 
‘by the use of the mechanical finisher are interesting and far-reaching. 
In the days of hand laying the basis of selection of surfacing material 
was compounded of suitability to the site, base and traffic conditions, 
together with convenience and cost. At a time when the rate of laying 
of a representative hand-laying gang was relatively small, convenience 
was not the least of these considerations and frequently led to the choice 
of a material which would not require to be renewed for a long time. 
‘Such materials are commonly expensive and the possibility of renewing 
‘such a surface because the riding quality had deteriorated, or of abandoning 
‘it in favour of a better alignment, was not lightly to be entertained. Now 
‘that surfacing materials can be laid very cheaply, and much more easily 
‘and quickly, the engineer is not confined in his outlook or choice by these 
‘restrictive considerations. It is clear that the advantages of laying con- 
‘siderable lengths of surfacing material quickly and cheaply, on lightly 
“prepared bases, are eminently suitable to our present economic conditions, 
when almost every effort must be directed to the preservation of the exist- 
ing road structure, though it is equally evident that the extreme facility of 
these operations may lead to an undesirable over-investment in the existing 
‘road system if the present financial stringency persists and these practices 
have to be followed for too long a time. This is not to say that the long- 
life surface is outmoded, for the factors of convenience and economics must 
always be taken into consideration according to circumstances. 

All mechanical surfacing appliances are similar in so far as they pro- 
vide for the discharge of surfacing material from lorries into hoppers on 
the machine and incorporate provision for spreading this material in a 
‘uniform ribbon, to a desired width and contour, at the other end as the 
machine moves forward. They may be differentiated, however, according 
to the method used for striking-off the surfacing material when it is dis- 
charged from the machine. There are two basically different methods of 
striking-off the surfacing material to the correct degree by a spreader or 
finisher. In the first of these the material is struck off in a loose condition, 

‘sometimes with a bar or screed oscillating in the horizontal plane. When 
“surfacing material is being laid on a base which is exactly parallel to the 
‘desired finished surface, this method produces a freedom and facility of 
“operation which frequently leads to large quantities of material being 
laid satisfactorily in the course of a day ; but when the surfacing material 
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is being laid, as is most commonly the case, on an irregular base not paralle 
to the desired finished surface the method suffers from the major disad-, 
vantage that varying thicknesses of material are being laid in an uncom-; 
pacted state and that, after compaction (which will vary according to 
the thickness laid) the base irregularities will become apparent in the 
surface after it has been rolled, according to the variation in thickness laid., 
Levelling devices used for correcting longitudinal irregularities with loose- 
strike-off spreaders or finishers must also necessarily make use of some type 
of proportioning device, located between the point of strike off and t 
wheels or crawlers, for the correction of base irregularities. These are both 
serious disadvantages in any attempt to produce a finished riding surface 
of high quality. An appreciation of this fact gave rise to the developme 
of mechanical spreaders using a compacted-strike-off principle and cnt 
ling longitudinal compensation by means of a screed riding on the co n- 
pacted surface immediately behind the point at which the material is struck 
off and compacted. This screed is guided by long arms that feel-out | 
changes in grade ahead of the point of strike-off without reflecting small 
base irregularities in the compacted surface. 

Apart from the types of equipment using the loose-strike-off principl 
which have already been described, there are three main types of com- | 
pacted-strike-off spreaders, or finishers as they came to be known from the | 
fact that so little work required to be done after them, in common use | 
in the continents of Europe and America—the Adnun, J aeger, and Barber- — 
Greene. : a 

The principle of the Adnun paving machine is that the regulation — 
of a smooth riding surface is obtained by the balancing of the weight on a 
roller at the rear of the machine, which travels on the finished surface of | 
the carriageway, and is wheel-driven and steered. The surfacing material 
is discharged into a hopper with a revolving screw which distributes it 
directly on to the road surface and adjustments are provided for correcting — 
and maintaining course thickness. The discharged surfacing material is 
levelled off in front of a screed by an oscillating cutter bar which has a 
transverse motion and is electrically heated. No consolidation or com- 
paction is, however, obtained during spreading which is required to b 
undertaken by independent rolling behind the machine. It is capable | 
of producing even running surfaces and good results have been extensivel: y 
obtained with it. 

The Jaeger Bituminous Paver is a development of the original Jaeger — 
Spreader Box which was first brought out about 1934. It operates on the © 
loose-strike-off principle and the regularity of the surface of the material — 
being laid is maintained by a screed fitted with a series of teeth, oscillating 
horizontally at 666 strokes per minute, mounted on a pair of 12-foot-long 
skids at the sides of the machine. These skids, or equalizing runners, ride — 
on the subgrade or base and the compensating principle is controlled by — 
levelling pans floating on the mat already laid by the centre screed and 
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holding the rear screeds to the same level by actuating sensitive hydraulic 
rams. 
oe The Barber-Greene Finisher, which is by far the most common machine 
in use, was originally introduced in America in 1937 after a period of 7 
years’ trial and development and-is now manufactured in Great Britain 
under licence. Essentially, it consists of two main units, tractor and 
sereed, connected by a long compensating arm, upon which the longi- 
tudinal levelling principle of the machine depends. The tractor unit 
provides the motive power through crawlers travelling on the road base 
and includes the receiving hopper, spreader screws, power plant, trans- 
| missions, guide and feed controls, and operator’s seat. The screed unit is 
towed by the tractor unit through lever arms which extend forward from 
the screed unit and pivot on the crawler of the tractor unit. The tamper, » 
thickness controls, crown control, screed heater, and the screed itself are 
jall part of the screed unit which rides on the finished compacted surface. 
The mixed materials are dumped into the receiving hopper from a truck 
| which is slowly pushed ahead by the finisher bumper rolls as paving con- 
4inues, without any interruption in the course of supply being necessary. 
At the bottom of the hopper are two independently operated bar feeders, 
which convey material from the hopper to the spreading screws and also 
control the amount of material ahead of the tamper. The spreading 
iserews uniformly distribute the mixed bituminous material across the 
‘full width of the mat, the tamper compacts and strikes off the material, 
and the screed, following immediately behind, completes the smoothing 
or ironing of the surface. The vertical travel of the tamper is $ inch at 
1,200 impact strokes per minute, and when the tamper is in its lowest 
position it projects slightly below the bottom of the screed. This fixes 
the surface elevation just before the screed rides on to it; thus there 
4s no variation in material density as the tamper is the actual point 
‘of strike-off and the screed merely irons the compacted surface. The 
‘actual tamping, or consolidation, is done by the front inclined surface of 
‘the tamper as it descends, compacting the material to a uniform density 
‘and allowing the excess to push forward and upward. A continuous 
supply of material in front of the tamper ensures uniform compaction 
‘regardless of variations in the subgrade or of the actual mat thickness, 
‘within normal limits of construction. 
_. To understand the levelling and compensating action of the Barber- 
Greene Finisher it must be appreciated that when the whole machine 
js on an even base the tractor unit pulls the screed unit with the bottom 
of the screed parallel to the direction of pull exerted by the crawlers. 
“When it is desired to increase the thickness the screed is tilted up by the 
thickness controls and gradually rises to a higher level until it again 
Be iaines parallel to the direction of pull. Conversely, to decrease the thick- 
‘ness, exactly the opposite takes place ; sudden changes in grade are there- 
ore impossible and the surface remains smooth. This compensating action 
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is brought into play automatically when the machine encounters a | ' 
in grade or, what is really equivalent, an irregularity in the shape of thap? 
base on which the machine is travelling. On encountering an upgraddp? 
the change in crawler elevation tilts the screed so that the mat becomesy 
thicker through the are of the upward turn until the screed again assumes ¢ 
position parallel to the direction of pull at the prescribed mat thicknesss 
The reverse action takes place when the machine encounters a down grades . 
In both cases the compensating action takes time and distance to come int 
effect so that the transition is gradual and a smooth surface is obtained 
The standard laying width of the finisher is 10 feet, though the width ob 
the mat can be extended to as much as 12 feet or reduced to 8 fee 
by the use of extensions or cut-offs fastened to the screed unit. Eigh 
-feet is the minimum width which it is desirable to lay with the finishem 
though it is possible in an emergency to lay a narrower width by tighteniz 
up one side of the screed support spring or by supporting one side of the 
screed on a board, shoe, spring, or previously laid strip and to work withi 
only one feeder. In such circumstances screed levelling control is difficult: 
and the practice is not generally recommended. A smaller version# 
of this machine, similar in basic principles, design, and function, hass 
recently been introduced and lays a standard overall width of 7 feet ass 
compared with 10 feet for the standard machine. This machine will layy 
a surfacing mat having a width ranging from 5 feet 6 inches to 8 feet, 
adjustment being made by means of extension plates or cut-off shoes, and! 
has been introduced primarily for use on narrow lanes which the standard | 
machine could not negotiate. | 
The variation in surfacing width, on both machines, can be made in| 
steps of 3 inches and most widths of road can be laid in multiples of these 
dimensions. Where this is not possible, or where the road varies in width, , 
the machine should be kept on a straight course and the narrow widths at | 
the side filled in by hand or by bleeding out from the side of the machin > 


with the side plate, or plates, removed. | 


Economics 
Very great differences in riding quality, output, and cost can be pro- | 
duced by efficient use of the finisher and proper organization of the work, 
and it is a point for consideration as to whether present British methods | 
of mechanical surfacing of roads represent little more than an improvement | 
in the riding quality of the surface without reflecting the capacity, or | 
potential capacity of the machine in reduced costs. For example, in Great | 
Britain a daily output of the order of 100 tons laid is commonly regarded 
as adequate, 200 tons as satisfactory, and 300 tons a day as exceptional. © 
These figures should be compared with the output accomplished or achieved — 
by the same’machine in the United States, usually operated by a far smalle 
gang, where 700 or 800 tons a day per machine is a normal tonnage and up ~ 
to 1,200 tons per machine per 8-hour day is not uncommon. An output 
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of that order is not to be considered as fantastic or outside the realms of 
possibility, as may be seen from a brief consideration of the quantities 
that can theoretically be laid by a finisher in an 8-hour day. If it be 
pssumed that the machine is laying a mat 12 feet wide composed of material 
Which can be laid satisfactorily in third gear, high operating speed, that is, 
ft a speed of 30-36 feet per minute, then the daily output per inch of thick- 
ness is about 1,100 tons, that is to say 90 tons per foot width per inch 
lof thickness in an 8-hour day. This would represent the rate of laying 
or carpet coat work, whereas the daily rate of laying for a base or a thicker 
Burface might vary between 2,200 and 3,300 tons per 8-hour day for a 
ange of thicknesses of between 2 and 3 inches. If this, then, is the theo- 
iretical capacity, an average output of 1,100 tons per day should be reason- 
ably achieved, so that 200 tons per day represents a very low relative stand- 
ard of efficiency. The difference between good and bad production figures 
depends primarily upon efficient organization and use of equipment. 
Production studies made by the American Bureau of Public Roads on 
bituminous finishers working on active surfacing jobs on rural highways 
have revealed that, even under American conditions of operation, delays 
might amount to as much as 79 per cent of the total available working 
time. A primary analysis of the total time spent on the work showed 
the distribution given in Table 2. 


TABLE 2.—DISTRIBUTION OF 1,480 HOURS TOTAL AVAILABLE WORKING 
_ TIME FOR BITUMINOUS FINISHERS ON EIGHT ACTIVE BITUMINOUS 
SURFACING PROJECTS ON RURAL HIGHWAYS 


Percentage of total 
available working 
Time element time 


Range | Average 


Total available working time 100 100 
ou Majordelays. « . . «| 28-77 57 
at Net available working time | 23-72 43 
Minor delays via ee, aaa 9 [eel 22 
ae Actual productive time. .| 11-38 21 


_ Major delays may be further broken down into the causes detailed in 
Table 3. 

_ The classification of minor delays is shown in Table 4. Although 
‘minor delays are, in general, only a few seconds each in duration, it will be 
‘noted in Table 2 that they amount to 22 per cent of the total available 
working time, The full extent of minor delays can usually be better visual- 
ized by comparing them to the net available working time. For example, 
when minor delays are expressed as a percentage of the total available 
working time, a job having frequent and extensive major delays, such as 


Z 
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TABLE 3.—CLASSIFICATION OF MAJOR DELAYS TO BITUMINOUS sae | 


; Percentage of sets 
Nature of Major Delay avnilalinaneciaae 
Weather: rain, wet,cold . . . . . . . « «= - 23 
Plant stopped owing to shortage of materials . . . . 12 
Delays due to auxiliary operations: preparation of sub- 
grade, hand finishing of turnouts, etc. Slain ais aes ee 


9 
Lack of bituminous mix at finisher ae ae 4 
Plant repairs andadjustments . . . . ... . 3 
Finisher maintenance and repair . ata es 3 
Moves on the project 2 
Other 264 6F, 0987: 1 


be tte, HO af 


TABLE 4.—CLASSIFICATION OF MINOR DELAYS TO BITUMINOUS an 


» 
i Percentage of net _ 
Netees, oft Minoan Deter available working time } 


Lack of bituminous mix at finisher . . . . .. . 43 


Delays due to auxiliary operations ane yer ee 4 
Finisher, maintenance, repair, and adjustment “peat alae 2 
Personnel S hedge. + ahh. ett fies 1 
Short moves 1 ui 


LOTAL = Soe Ge Nee eee 51 


bad weather, tends to show a lesser percentage of minor delays than a i 
having a few major delays. Thus, a better basis for indicating the exte ati 
of minor delays in relation to the production operation is to express thems 
as a percentage of the net available working time. For the finisherss 
employed on the eight jobs which were studied, the minor delays varied! 
from 32 to 60 per cent of the net available working time, with an averaged 
of 51 per cent. Lack of bituminous mix accounted for the majority of 
minor delays to the finisher. 

Other minor delays, arising from interference by traffic and so on,, 
were negligible on the jobs studied. { 

An attempt was made to classify both major and minor delays in accoré 
ance with their basic cause, but in those cases where the basic cause could | 
not be determined, the delays were classified in accordance with the appal 
ent cause. For example, the basic cause of a delay to the finisher resulting ! 
from a lack of bituminous mix may have been caused by an actual shorta ge! 
of hauling units or perhaps by another delay elsewhere on the job; but} 
if the cause of this delay could not be readily determined by the observer, 


the delay was charged to the apparent cause—lack of bituminous mix 
at the finisher. 4 
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} The importance of efficient organization of transport serving the 
machine is shown from the fact that lack of bituminous material at the 
finisher accounted for not less than 43 per cent of the minor delays. As 
an illustration of the importance of transport in the cost of surfacing 
materials it may be said that the total cost of surfacing materials, laid on 
ihe road, is divisible into the following elements :— 


(1) The cost of the raw materials at the plant. 
(2) Plant charges : 


(a) Production. 

(6) Laying. 

____ (8) Operating costs—fuel and labour. 
(4) Transport. 


_ On any day’s work item : (1) is a constant charge per ton, fixed under 
she supply tenders ; items (2) and (3) are variable, being inverse functions 
of the daily output ; item (4) is a variable dependent in a major degree 
jon the efficiency of the organization. The cost per ton is: 


g __, , standing ch MiaatCisrvcost 
- cost of material + ee oe ee 


(Consider, for example, the costs at a typical plant producing surfacing 
materials, originally rated to manufacture 80 tons of dense asphalt per day. 
fhe plant can, and usually does, produce materials which are less difficult 
to manufacture at outputs greatly in excess of this figure. The nominal 
output of 80 tons per day stands at about the 45 degree tangent to the 
output/cost curve ; greater outputs decrease in cost per ton at a diminish- 
ing rate, whilst smaller outputs increase in cost at an increasing rate. This 
point is of great significance in arranging the organization of the plant, 
ince it is more important to achieve a constant output than to have 
irge fluctuations resulting in the same average output. The reduction 
in cost which it is possible to obtain by increasing the output diminishes 
very rapidly as the output increases beyond 150 tons a day, and for 
increases in output beyond 250 tons a day the reduction in cost per 10 tons 
increase in output is comparatively small, being 6d. per ton for an increase 
from 250 to 260 and 4d. per ton for an increase from 300 to 310 tons per day. 
It is difficult to increase these terminal outputs and since, with an output 
of 300 tons a day, each lorry surplus to requirements represents an unneces- 
sary increase in cost of 3d. a ton, the value of a careful study of transport 


organization is very obvious. The behaviour of road transport serving a 


bituminous finisher can be analysed or predicted by means of a diagram 


-| transport. 


parable schemes. It will be seen that the left hand ordinate of the diagram 
+6 divided into three sections, composed of the plant and each of two jobs 
which were being served by the plant at the same time. Hach of these 
jobs consisted of shaping the existing road in 1}-inch single-course material, 


such as that in Fig. 1, which shows the process of supply to two com- 
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and they were both approximately equidistant from the plant, so that, 
tfrom the point of view of organization, they may be fairly compared one 
with the other. The base-line of the diagram is divided into the hours of 
the working day. Hach of the lines on the diagram represents the move- 
iment of one lorry. Horizontal lines represent the periods during which 
the lorry is standing at the plant waiting to be filled, or on the road waiting 
to be unloaded. To ensure continuous operation of the plant and the 
}Barber-Greene it is normally necessary to have two or three lorries over- 
jlapping so that if one of them should fall out or be delayed there will be 
no interruption of production at the plant or of the work of the finisher. 
The following points emerge from the diagram : 

(1) The sloping “ travelling” lines represent the period taken by 
each lorry in going from the plant to the job and vice versa. 
Since they are all parallel it is apparent that transport 
behaviour on the road has been good. 

(2) A vertical intercept at any point on the diagram will show the 
number of lorries standing, and also the number of lorries 
which has to be in the supply line itself in order to keep the 
organization going. It will be seen that job A was fairly 
well organized and that at no time was there an excessive 
accumulation of lorries on the road, although there was a short 
break of about a quarter of an hour at about 11.45 a.m., when 
the road gang ran out of material and had to wait for the arrival 
of another lorry. Job B, on the other hand, was evidently 
over supplied with transport. At times, there was as many 
as eight lorries on the job site, though an accumulation 
of only three was all that was necessary. A great deal of 
transport time is wasted between 7.30 and 10 o’clock, during 
which time a large number of lorries are waiting to take their 
first load. This is sometimes unavoidable since it is difficult 
to hire lorries for a shorter period than a complete day. 

(3) The right-hand ordinate is related to the diagonal lines emanating 
from the left-hand corner of the diagram, which show the cumu- 
lative output from the plant and the cumulative tonnage laid 
by the Barber-Greene, hour by hour. From an inspection of 
these lines it is possible to deduce whether any unforeseen 
circumstances, such as a breakdown at the plant or of the 
finisher on the road, has been responsible for an unusual 
accumulation of lorries at any time. 

Studies made in the United States on transport hauling bituminous 
‘mixes from the plant to the finisher on bituminous surfacing projects 
show that the total time each truck spends at the plant, at the finisher, 
and in miscellaneous waits and delays averages more than } hour for each 
“round trip. The average road speed was observed to be about 30 miles 


“per hour. 
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The following information was obtained from studies made by the 
Production Cost Unit of the United States Bureau of Public Roads ong 
nine different projects in the eastern and south-eastern States over 4 
period of 20 months. About ninety-five trucks of various sizes and ma ceoh 
were observed for a total of 1,050 truck hours of operation. The average 
load carried by the trucks was 7-4 tons, and the average haul distance 
was 7-9 miles. Most of the hauling was done over surfaced roads that 
were well maintained. : 

Table 5 is a summary of data relating to the major elements of the truckk 
cycle. 


TABLE 5.—SUMMARY OF CYCLE DATA RELATING TO THE OPERATION OF 
TRUCKS HAULING BITUMINOUS MIX ON BITUMINOUS SURFACIN( 
PROJECTS. 


Element Range Average 
1. Time in plant per trip, excluding 


waits anddelays . : 3-8-16-1 minutes 8-2 minutes 
2. ‘Time at finisher per trip, excluding ; 

waits anddelays . : 3-0-7-9 minutes 5:3 minutes 
3. Waits and delays per trip BT os 10-6-26-7 minutes 18-6 minutes 
4. Total time constant (sum of itents 3 

1, 2 and 3) data <i Keek 22-0-50-3 minutes. 32-1 minutes 
5. Haul Speed, loaded.» <¢ 5. a... 16-3-37-6 m.p.h. 27-8 m.p.h. 
6. Return speed,empty. . . . .| 22-3-41-8 m.p.h. 32-3 m.p.h. 


alle = 


TABLE 6.—OPERATING CYCLE ELEMENTS AT THE PLANT AND AT THE j 


FINISHER FOR TRUCKS HAULING BITUMINOUS MIX ON BITUMINOU, 7 
SURFACING PROJECTS. 


Cycle element 


minutes | 
7] 
1, Time in plant, per trip 
a. Loading time . 6-3 
b. Manoeuvring, weighing, covering the load, ete. 1-9 
Total time in plant, exclusive of waits and delays 8-2 
2. Time at finisher, per trip 
a, Dischargeload . . Ap Ce ee oe 3-8 
b. Manceuvring, exchanging, ete. SE at ae MICE 1 te iar 15 
Total time at finisher, exclusive of waits and delays. . . 5:3 
ne Onsen ieee Sy So papel Tied Dae hide a Ame ig he | Mas 
3. Waits and delays, per yee 
a. Atthe plant . . é 14:8 : 
De All OFHEEL sie ikt asics i 4 3°8 


Total waits and delays oe SONS NOOR CRAVE, os 18-6 
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| Delays to the trucks during periods when the plant or the finisher is 
shut down because of repair, material shortages, moves, and so on, have 
tbeen excluded when the shutdown is 15 minutes or more in duration. 
} The ranges shown in Table 5 are job averages. On several of the 
Hprojects the variations from day to day frequently exceeded the ranges 
fwhich are shown. For example, the haul speed on a particular job may 
have varied from 12 to 20 miles per hour, but only the over-all average for 
ithis job was considered when listing the entries in Table 5. 

| For the jobs which were studied, it was observed that, in general, the 
faster haul and return speeds were obtained on the jobs having the longer 
haul distances. 

A partial breakdown of the times involved in various operations at the 
plant and at the finisher is shown in Table 6. 

~The above items are largely self-explanatory. It is interesting to note, 
however, that the average time required to obtain a load at the plant was 
6-3 minutes, or 66 per cent greater than the time required (3-8 minutes) to 
discharge the load at the finisher, and that the rate of loading was approxi- 
mately a ton a minute, the rate of discharge at the finisher being about 
double this figure. A comparison between British and American rates of 
work is illuminating. On the production side, the British surfacing 
‘materials plant already referred to, though originally designed for an out- 
put of 10 tons per hour of dense asphalt with a 1-ton mix will, under 
pressure, produce 25 tons per hour of coated stone. It takes eleven to 
thirteen men to work it. An American plant of a similar size and age 
‘will produce 160 tons an hour, through a 2}-ton mixer and is run by five 
men. The tonnages produced per man-day are: British 18, American 
256. Though comparisons between rates of pay in the two countries 
‘must be qualified by many considerations it is interesting to note that, at 
present rates of exchange, the American operator is paid six times as much 
as his British counterpart but produces fourteen times as much. 

_ Inshort, there seems to be room for improvement in British methods of 
organization and use of equipment, and little increase in output or reduction 
in costs is to be expected until these matters have been attended to. Ifa 
general comment may be hazarded, it seems, unfortunately, to be part of 
British outlook and tradition to spend much time and labour on refinements 
and minor improvements in quality to the neglect of production and cost 
studies which, in their effects, would far outweigh the economic benefit 
to be derived from academic research. In matters such as the develop- 
‘ment of surfacing mixtures suitable for fast laying, the practising British 
engineer is hampered by the lack of qualitative tests which would enable 
him to express the desired characteristics of the laid surfacing materials 
and to relate them to economic values, and he is therefore forced to rely on 
¢radition and experience. Such tests have been developed in the United 
{tates and American engineers are confidently going ahead on that founda- 
ion. Whether they are wholly justified in doing so, only time can show, 
P44 
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but there is as yet no reason to believe the contrary. Some work alon 
these lines is now being done in Great Britain. Until fundamen 
research can provide adequate guidance it is to be hoped that researc 
on the final properties of surfacing material will be treated as being ¢ 
primary urgency. ‘ 
4 
Base Preparation 
Turning now to the actual surfacing operation, it may be said th 
where the base is not parallel to the desired finished surface proper pr 
paration of it is fundamental to the laying process. The base should 
examined some time before laying begins, to note and mark surf v 
defects so that faults which cannot be corrected by a single passage of * 
finisher may be rectified in advance. (This and the remarks which follow 
concerning base preparation refer only to the shape of the base and n 
to its strength, which is assumed to be adequate.) t 
In order to avoid delay and to produce a satisfactory surface it is esset 
tial to plan the method by which each irregularity is to be correcte 
whether it be by preparation work or by adjustment of the controls while 
laying is in progress. For this purpose irregularities in the base may b 
divided into three classes : 4 


(1) Minor irregularities and depressions which will be corrected by 
the automatic action of the machine. 7 

(2) Long but not deep depressions which, if not corrected by manua. 
adjustment of the thickness controls, would be only partial a 
smoothed out by the automatic action of the machine. . 

(3) Deep irregularities long enough for the crawlers to drop into and 
tun along for a distance before climbing out again ; preparationt 
work will be required for the correction of irregularities of ¢ 
nature, ' 


A base which contains only minor irregularities, and has no longitudinal} 
or transverse depressions which cannot be spanned by the machine's) 
crawlers without a change of grade, does not require manual adjust 
of the thickness controls to rectify the irregularities. The correct thickness‘ 
of mat should be set at the start and if the base is otherwise true no altera-. 
tion of the controls should be needed. This type of base is rarely en- 
countered, vil 

Major irregularities of the second type which are not deep but cann 
be spanned by the machine’s crawlers, can sometimes be corrected, by 
manual operation of the thickness controls without previous preparatio1 
If the controls are not altered on a base containing irregularities of this ty 
the finished surface is smooth but has long undulations and may caus 
sidesway on a vehicle having more than one track because of the crawlers 
changing level differentially. To eliminate sidesway, which can be @ 
serious fault in a machine-finished surface, and to prevent. undulation 
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the depressions between high points of the same level or plane should be 
filled in beforehand. When shaping such a base by machine the method 
normally used is to measure, by means of levels, templets, straight-edges, 
r boning rods, the depth of material needed at given points, at intervals 
f not more than 10 yards, and to mark these thicknesses on the road so 
that they can be seen by the operator. From these readings the thickness 
controls can be manually adjusted to lay the correct depth of material at 
‘the given points. 
~ Any adjustment of the thickness controls should be gradual and 
made in advance. The machine takes a certain time to act, approximately 
‘10 to 15 feet in travelling distance (it is on this feature that its levelling 
or smoothing action is based), and unless this delay is anticipated the re- 
wuired thickness of mat will not be obtained at the desired spot. If the 
eontrols are moved too much or too often before this time has elapsed 
the result is over-adjustment and an undulating finished surface. The 
‘standard of finish, in this case, depends mainly on the ability of the 
“operator ; inexperienced operators, by poor judgement and improper 
adjustment of the thickness controls, can produce more undulations than 
f the machine were permitted to lay the surface with fixed controls. 
_ When dealing with deep irregularities of type (3) the above method 
sannot be applied with any degree of success. Where the holes are deep 
'and long enough for the crawlers completely to drop into and run along 
| for a distance before climbing out again, the depression cannot be rectified 
| by manual adjustment of the thickness controls. In this case it is essential 
fo provide the finisher with a regulated surface to run on, either by level- 
| ling up the base with added material or possibly by filling in enough of 
the depression to give the crawlers a track to run on in order to maintain 
the machine at its correct level. 
By careful reconnaissance and diligent application of each of these 
ethods, as required, a surface which is transversely and longitudinally 
e can be obtained. : 
The thickness of the mat which is laid naturally varies on irregular 
ses, being thicker in the deep spots and thinner on the high points. It 
therefore incorrect to adjust the thickness controls if the mat appears 
icker in one place than another. To maintain minimum thickness and 
level surface should be the aim. The material used should be measured 
d paid for by the ton, so that there will be no inducement to depart from 
this principle. The temperature of the mixture being laid may influence 
e thickness. If there is a wide temperature variation between two loads 
e stability of the mixes is different and causes poor levelling control. 
is claimed that compaction by finisher is effective for a depth of up to 
inches, but a good guide to the thickness that can be laid in one applica- 
e obtained by limiting the maximum thickness of each layer to 
This takes into account 


g and composition 


tion may b 
1} times the normal thickness of the course. ’ 
the nature of the material being laid, since the gradin 
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will be related to the normal thickness, and the principle has been four: 
to work well in practice. Superelevation can also be applied, in successiv 
increments if required, by the same method. 3 

When laying surfacing materials by machine, side battens to retai 
or regulate the height of the material being laid are not required. Indeee 
if they are used they will interfere with the action of the finisher and pr 


> 


vent the automatic compensation on which its action depends. e 


Operation of the Finisher ; 

Before laying begins, the spreading machine should be cleaned, pre 
pared for the width of the mat to be laid, with proper extensions, ete4 
and carefully inspected for mechanical defects. The feeder mechanisn 


distributed evenly across the width required. Tamping and/or screedin; 
devices should be checked for alignment and cleanliness. When diese 
oil is used for cleaning the machine, care should be taken to ensure thi 
the oil does not come in contact with or damage the surfacing materia 
If the base contains a bituminous mixture the machine should be movee 
off the road before cleaning is begun. 

The screed should be heated before laying is started, to prevent materias 


of 20 or 30 minutes is normally sufficient to warm the plate to a prope: 
temperature, but this is dependent on the efficiency of the burner and the 
weather conditions. During laying, heat should be applied to the screec 
as and when required by the type, condition, and temperature of the ni 
ture being laid; care should, at the same time, be taken not to over hes 
the mixture, or burning and roughening of the mat will ensue. . 
The spreading machine should then be moved into position for laying; 
and the controls set for the thickness and profile required for each strip. 
This should normally be carried out by lowering the screed unit on to blocks 
of approximately 20 per cent greater thickness than the compacted depth 
desired, set to correct profile. The thickness control settings should then 
be turned to the correct position for maintaining this thickness. If a start 
is to be made from previously laid material, the setting blocks are not 
necessary and the screed should be lowered on to the joint so that the lead- 
ing edge is 3 or 4 inches to the rear of the joint edge, the thickness-control 
settings being adjusted to allow for any additional compaction on rolling. 
A guide line should be indicated to the operator, along which the machine 
should travel. This line should be on, or parallel to, the centre of the road. 
The moving screed outlines an inclined plane in space and this mu 
necessarily be longitudinally true if a correct profile is to be obtaine 
Any deviation from this guide line should be gradually corrected by a lig 
movement of the controls. Excessive turning of the machine will mark 
the finished surface and spoil the profile. Slight correcting movemen 
are all that should be permitted. ¥ — 


oo 
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The supply of material to the machine should be so arranged through- 
out the day that there is the minimum number of stoppages, because 
topping and re-starting the machine is a frequent cause of surface irregu- 
arities and defects. Certain mixtures will not support the weight of the 
creed unit and a prolonged halt will cause the heavy screed to indent 
and mark the finished mat unless the screed is raised. Further, material 
‘should not be held too long in the machine, because hot mixes cool and 
ied set if allowed to remain long in contact with the metal interior. 
‘This invariably results in dragging of the partially set material and holes 
“appear in the finished surface. Skilful operation can minimize the effects 
of these irregularities but, by ensuring continuity of the supply of the 
material, they can be avoided. 

In normal circumstances, a spreading machine is capable of laying 
Material faster than it can usually be provided and, in order to have a 
continuous supply while the finisher is in operation, there should be an 
accumulation prior to the commencement of laying. This accumulation 
of material should preferably be the minimum amount necessary to ensure 
continuity throughout the laying period. 

~ When laying steep gradients it is better to operate uphill in order to 
revent the spilling of material from the machine hopper, and to assist 
the control of machine and vehicles. 

It is absolutely essential that the material arriving at the laying site 
ould conform to specification and be consistent both in composition and 
mperature. Any variations in these respects will affect the finished 
oduct. ‘The conservation of heat in a bituminous or asphaltic mixture 
when in transit from the plant to the laying site is a matter of prime import- 
ance. It ensures that the mixture can be manufactured and laid at its 
timum temperature, without overheating of the constituent materials 
the plant in order to allow for any temperature drop which may take 
lace in transit, and preserves the whole of the mass at a uniform temper- 
ure so that it exhibits uniform characteristics as between load and load, 
d the parts of a load, when being laid. Mechanical finishers are sensitive 
temperature variations in the material being laid and require adjust- 
ments in travelling speed and screed heat to compensate for them. Such 
‘ustments cannot be made instantaneously, and sometimes not without 


ting the finisher, and temperature fluctuations and adjustments of 
- this nature invariably result in blemishes and imperfections in the finished 
surface. The finisher cannot, under any circumstances, successfully lay 
aterial of which parts of the same hopper-load are at markedly different 
mperatures. The extent and effect of the potential temperature-drop 
transit depends, obviously, on the difference in temperature between 
e atmosphere and the mixture itself, but it is also dependent on the 
ical cooling curve of the mixture and its ductility/temperatute char- 


tistics, its degree of contact with the sides of its container, and the 


lating properties of the material of which the container is made. 


a 
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Wooden-sided lorries conserve the heat better but sometimes make - 
difficult to discharge the material owing to their higher co-efficient of fri 
tion. Wooden-sided steel-lined lorries fulfil both requirements but ir 
crease the unladen weight and diminish the pay-load. Experiments 
now being made with light alloy bodies of hollow section in an effort t 
combine strength, low frictional resistance, and good thermal insulation 
In low temperatures, the top of the load should not only be sheeted as . 
protection against the weather but should be double-sheeted to protect 
the material against loss of heat from this source. Blankets consistin; 
of kapok quilted between tarpaulins have been used with great advantage 

It should be noted here that specifications suitable for material: 
to be laid by hand may require slight variation in the binder content an 
penetration for machine laying. The vibratory compaction provided by 
the machine and the fact that the material is sometimes laid at a highes 
temperature together result in a thinner film of binder being left on th 
aggregate. Any excess binder, such as might result from an unadaptec 
hand-laying specification, is brought to the surface and. may result in é 
skin of binder which reduces the frictional resistance of the road surface¢ 
Slight reductions in binder content are usually sufficient to compensate fon 
this difference in laying conditions, but even so, the material still remains 
a derivation from hand-laying days, and is not to be considered a mixture 
designed for machine-laying conditions. 7 

On arrival at the site, the material should be in such a condition thati 
it can be satisfactorily laid within a reasonable period of its arrival. All 
loads of hot or warm-laid material should be carefully sheeted to prevent 
loss of temperature in transit or during any waiting period. For long 
hauls, and in poor weather conditions, it may be necessary to use double: 
sheets or kapok mattresses to keep the material in a fit state for layi 
Metal-lined wooden-bodied vehicles should preferably be used for bo 
high- and low-temperature mixes. A permissible temperature range 
the laying site should be stipulated and any material which does 
satisfy these conditions should be rejected. In practice, it is advisab 
to raise the mixing temperature of the first loads on the day. The reason! 
for this is two-fold. Firstly, it allows for the loss in temperature caused. 
by the wait while material is accumulating before laying begins a | 
secondly, the air temperature during the early hours of the morning is: 
generally lower than the average throughout the day. These fac 
may not always be applicable but they should be borne in mind. vf 

Care should be taken when discharging from the lorry to the hopper 
to ensure that no surface irregularities are caused. If vehicles are reversed 
against the machine and it is momentarily halted or pushed back, the rea: 
edge of the screed unit is forced into the finished surface. This « ction 
forms a ridge across the mat. To avoid this, it is advisable to halt eack 
vehicle slightly in front of the machine and permit the latter to advance 2 
and push the vehicle along. Vehicles should be reversed so that they are 
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in the direct line of travel of the machine. Unless this is done, the vehicle 
tends to ‘steer’? the machine off its intended course and necessitates 
turning to regain its original line. This often produces irregularities in the 
finished surface, such as low spots along a matched joint owing to in- 
sufficient overlap. The loads should be tipped into the machine hopper 
in such a manner that spilling of the mixture does not occur. If spilling is 
unavoidable, then the spilled material should be cleared away in front of 
the tracks or poor levelling will result. The machine treats spilled material 
as sudden changes in grade, and thus produces irregularities in the finished 
surface. The vehicle brake should be lightly applied so as to enable the 
machine to push it along without effort, but enough to prevent it from 
rolling forward, and, after discharging, all vehicle bodies should be lowered 
before the vehicle is driven away from the machine. The practice of 
‘driving off with the body raised may cause irregularities unless the in- 
terior is absolutely free from material, because small quantities of the 
‘mixture may sometimes adhere to the corners and sides of the bodies and 
may fall in front of the crawlers and upset levelling as previously explained. 
‘Trregularities can also be formed in surfaces that have already been laid, 
if such small quantities of material fall from the moving vehicle and are 
rolled in by the action of the traffic. When laying a thick mat the empty 
vehicle should be removed as quickly as possible to avoid delay in delivery 
“of the following load, and to prevent the machine from stopping. 

To facilitate discharge of the material it is permissible to oil or dust 
‘the interior of the vehicle but the amount of oil or dust used must be kept 
“to the minimum. A combination of heavy fuel oil and a light sprinkling 
of coarse sand is commonly used when transporting dense mixtures such 
as hot-process-rolled asphalt. For tar and bitumen macadams a light 
‘dusting of quarry fines or precoated grit is usually sufficient but precautions 


we 


“should be taken to prevent the use of excessive quantities of these 
aterials—patches of dry material may otherwise appear in the final 


. 
ae. 


“surface and develop into potholes under the action of traffic; adhesion 
“between the surfacing material and the base may also be impaired. 

4 The machine should be operated at the speed most suited to the type 
_ of mixture and the rate of supply. If the maximum mixing-plant output 
is insufficient to keep a machine operating at peak-laying capacity, then 
“it is advisable to select a lower operating speed than might otherwise be 
“used. By doing so, continuous laying is maintained instead of a high 
but intermittent laying rate. An even flow of material should be fed from 
the hopper across the width of the machine, thus enabling the tamping 
and/or screeding mechanism to maintain a constant level throughout the 
laying period. Failure to feed sufficient mixture causes the surface to be 
thin and to tear ; over-feeding results in excessive strain and wear on the 
machine. At intervals, dependent upon the type and condition of the 
mixture, the hopper should be almost cleared to prevent cooling of the 
material on the hopper sides. Low temperature mixtures with binders of 
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cutback bitumen or tar do not require clearing from the hopper as fr 

quently as mixtures which contain straight-run bitumens or fluxed lak 
asphalt. The latter type of mixture should be cleared frequently or thi 
material will partially set, forming lumps which are not easily broken uw, 
by the machine and which eventually cause dragging or holes in the finis! hee 
surface. * 

With tough mixtures it is sometimes advisable to remove the end plate 
from the machine spreader box ; this prevents partially set material from 
packing tight against the end plates and interrupting the free flow of loos« 
material to the screed. With the plates removed, any partially set pi eek 
of mixture are gradually propelled to the sides, where they can be extractec 
by hand. These pieces would otherwise be dragged along until they broke 
up, and passing under the screed, would form holes in the finished surfaced 

Tough asphalt mixtures sometimes require the use of an agitaton 
on the machine in order to ensure a satisfactory flow of the mixture ‘ 
the screed. Then, when the machine is being operated, it is necessary t 
maintain, with the Barber-Greene Finisher, a clearance of 3 inches betweem 
the kerb-line and the agitator drive, which itself overhangs the left he adi 
side of the machine by 7 inches. A total width of 10 inches will remaim 
uncovered because the end plate on the agitator drive side cannot be raised 
sufficiently to permit bleeding-out of the material, and this must be filled 
in by hand, :| 

When the width of surface to be laid is such that it requires more thani 
one strip, especial care is necessary in matching adjacent longitudinal 
strips in order that the joint may be correctly formed and not become as 
line of weakness in the road surface. The technique to be used in making: 
longitudinal joints is governed by the type of material being laid. Wh ni 
a plastic slow-setting material—either open or medium-textured—is int 
use, the best procedure is to roll the first strip within 6-12 inches of the: 
longitudinal joint. The second strip should then be laid to the same dept h: 
as the unrolled part of the first. The rolling of the second strip is then: 
begun at the free edge and continued progressively (rolling in a longitudinal 
direction) until the roller wheel is able to straddle at one pass the final sec-. 
tion of the second strip and the unrolled section of the first. By this 
means, the second strip is pressed well home into the first by the slight 
lateral displacement which occurs on rolling and the joint of the first and 
second strips is properly fused. When tar or cut-back binders are used it 
is possible, in normal weather conditions, to lay considerable lengths of 
the first strip before matching the longitudinal joint and still obtain satis 
factory fusion. 

With material which is dense or hardens more rapidly, this technique 
cannot be followed because the first strip will have become too hard to 
allow fusion of the joint by the time the second strip is laid. Itis therefor 
necessary to roll the full width of the first strip and lay the second strip 
thick enough to allow for compaction by the roller to the level of the firs 


Heating AND PLantinc MacHrNes AS OPERATED BY 
Messrs Non-Impact Surraces Lrp. 


Fig. 4 


PX 


Bia 


SR OREA NE 


a. 


pE GrapER AND Huatina MacuInes AS OPERATED BY 


~ PowER-OPERATED Bia 
; e. Ancio-AMERICAN ASPHALT Co. 


aA 
TA, 


cm 


. 
Me 


IE 


ith 


HeEatTInG AND PLantne Macurnes with SELF-Loapinc DEVICE AS OPERATED 
By East ANGLIAN ROADSTONE CORPORATION 


Fig. 6 


Heating AND Praninc Macnine as Oprratep sy East ANGLIAN Roapston, 
CORPORATION 


GL eo x2 


Fig. 7 


ida 
: Heating AND PLaninG MacuINE aS OPERATED BY Ameys AspHatt Lrtp. 


Fig. 8 


«4 


> 
t 


? yar ase) 


> OS 


Type ofr PowER-OPERATED BLADE GRADERS NOW 
MANUFACTURED IN ENGLAND 


OnE oF THE LATEST 


Fig. 9 


THE SMOKE NUISANCE WHICH MIGHT ARISE FROM HEATING OPERATIONS 


Fig. 10 


eae, (te 


* 


if 


ii 


4 
— —. i 
X-EDWARDS @PREADEr 


CLosn-uP or PHoENtx-Epwarps SPREADER SHOWING ScREED PLATES AND 
MANUALLY OPERATED ADJUSTABLE Screeps, LEvELLING Devicss, ETC, 


pe 


Fig. 11 


e ap 90 ees 


‘ 


Tur PHOENIX-EDWARDS SPREADER IN OPERATION 


Fig. 12 


nw Usx, sHowine Surety or MatErraus TO 
MACHINE 


Tue BARBER-GREENE MACHINE I 


gt 
> 


Fig. 13 


Harr Wiptx or Roap Surrace Lam spy BarBER-GREENE MACHINE, SHOWING 
CENTRE JOINT LEFT BY MACHINE 


Fig. 14 


THE BaRBeR-GREENE MACHINE IN OPERATION, MATCHING UP CENTRE JOINT 
SHOWN IN Fig. 13 


Pe cad 


FrxisHep SURFACE OBTAINED WITH Barper-Greene Macatne on Gruar Norra’ 
" ‘Roap. Meprum Texture CARPET 


Fig. 17 


Main TRANSMITTING AND RECEIVING SET 


Fig. 18 


- oe 


MECHANICAL SURFACING OF ROADS 687 


strip, overlapping the first strip by a width of 1-3 inches to allow sufficient 
Material to be forced into the joint by the finisher. The overlapping 
Inaterial, which cannot be compressed into the set material of the first 
strip, must be removed before the joint is rolled. Care should be taken 
when removing the overlap not to disturb the first strip nor to remove 
_ the material properly belonging to the second strip. The first pass of the 
roller on the second strip should be made either in the manner already 
described or adjacent to the longitudinal joint in order to prevent any 
lateral movement of the material away from the matched joint when it is 
rolled. The roller should be run over the joint as soon as possible behind 
the machine while the material is still workable. On rolling, in general, 
it should be emphasized that a machine-laid surface must not be rolled 
“until the surfacing is firm enough to bear the roller without displace- 
/ ment. 

_ Although it is desirable, whenever possible, to match the two strips 
e before the material has set, in order to produce a joint which is not visible, 
this should not be done at the expense of laying short lengths and then 
/ changing over purposely to match the longitudinal joint. The disadvant- 


My 


"age of not changing over quickly, which lies only in the joint being rather 
more visible than it would otherwise have been, is preferable to the surface 
irregularities which may be the result of unnecessary transverse joints 
and breaks in laying caused by changing over unnecessarily from one strip 
to the other. The exposed edge of the first strip should be trimmed to a 

“neat vertical face and good alignment before the second strip is laid. 
re. Joints should always be matched with the machine standard on the 
side of the matched joint—if a cut-off shoe is required then it should be 
_ placed on the opposite side of the machine. 

To complete the end of a strip, the feeding of the machine should be 
| _ stopped and the machine operated forward until the material, spread across 
_ its width, is used up. The machine can then be moved away and the mat 
~ squared off. If it is intended that the strip be opened to traffic before the 
machine is brought back to match the transverse joint then a run-off 
should be added to prevent traffic from damaging the finished surface by 
_ breaking down the edge and bumping along the mat. The method norm-— 

ally used is to square off the mat and place a length of timber the thickness 
~ of the compacted mat, across the width of the strip against the squared-off 

edge. The roller thus does not push down the end of the strip and feather 
the edge. The run-off should then taper from the rear edge of this timber 

_ for a reasonable length, dependent on the thickness of mat laid. Alter- 

natively, if a transverse joint is to be made before the mixture has set, the, 
4 roller should be kept off the last two yards of the strip. Then, to make the 
joint, the screed unit should be lowered on to the unrolled part of the mat 
and the thickness controls placed in the same position as when the strip 
was completed. The normal operations of feeding material and operating 


forward should be carried out and the joint made. 
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Transverse joints made from a compacted mat should first be longi: 
tudinally checked with a straight-edge and any irregularity removec 
by cutting back the joint edge until the straight edge fits correctly. Tha 
joint should then be completed in the same manner except that an allow. 
ance for roller compaction should be made. It should be emphas: ed 
that surface irregularities are prone to occur at transverse joints, and in 
order to achieve a high standard of finish it is advisable to keep the number 
of joints to the minimum. 4 

Where it is possible to allow traffic to use part of the road while the 
machine is working, single-line traffic control should be rigidly enforce ed 
to prevent damage to, and displacement of, the surface or its edges before 
the mixture has set or been properly consolidated. — If traffic is permitte 
to run at random over a freshly laid unmatched strip it breaks downt 
or bevels the edge of the mat, thus destroying the straight abutment s 
necessary when matching a longitudinal joint. Some surfaces laid withi 
mixtures of a friable nature can be spoiled by the passage of traffic before¢ 
the mat has set or been rolled. The damage, in this case, generally; 
consists of shallow ruts and the surface cannot be successfully reinstated 
by hand. . 

When laying on roads which are not wide enough to permit vehicul ri 
traffic to pass the machine when in operation, the road should be closed 
and a diversion route provided. This prevents interruption of supply, 
and disturbance of laying, and avoids the delay caused by frequently 7 
moving the machine to one side for traffic to pass, and eliminates any 
surface irregularities which may be formed by unnecessary transverse } 
joints. On wide carriageways it is sometimes possible to cordon off the: 
strip being machined, and permit the traffic to use the width remaining f 
without need of control. } 
* Defects in the finished surface can be readily observed and elimina 
with proper attention. Tearing or dragging of the machined surface ! 
the worse and commonest type and is an indication of improper operatio 
or adjustment, or unsuitable material. Tearing can roughly be divid 
into three classes. The first kind of tear is usually caused by partia 
set material being delivered to the machine hopper after a long haul or: 
delay. The cold lumps of mixture do not break easily and are dragged 
along by the screed unit, thus making a score or hole. Adequate sheeting 
and precautions against loss of temperature can minimize or eliminate 
these defects, as previously explained. Foreign objects, such as pieces 
of wood, metal, and rags sometimes get into the mix and cause holes in 
the surface as they are dragged along. Secondly, screed tears or dragging 
may be caused by a rough, dirty, or improperly adjusted screed. Such 
defects occur because the mixture sticks to the screed unit and causes 
dragging or scoring. The third class of tear appears as a series of cracks 


| 
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é before striking off. This results in a series of cracks 3 to 4 inch apart 
‘and about } inch deep. 
| All these defects can be eliminated by the remedies given, or prevented 
by correct operation, but the only immediate correction if they are found 
to occur is to make good the defective surface by filling in the holes or tears 
by hand spreading. Small tears or holes attributable to a poor mix can 
be closed by raking material into the area and rolling the surface, but large 
holes in the mat caused by the dragging of lumps and partially set material 
“normally require more attention. The surrounding material should be 
loosened, the hole filled in to make a proper patch of the correct thickness 
and the surface re-rolled. 
_ This practice should not be necessary when machine laying is correctly 
carried out and filling back should be avoided at all times. It is the surest 
method of producing surface irregularities. 
Causes of minor surface irregularities and their remedies are numerous 
and they can best be illustrated by the operation chart for a Barber- 
Greene Finisher given in Fxg. 2. 
The transverse shape traditionally adopted for single carriageways 
draining to each side of the road is either segmental or an approximation 
to a parabola, the minimum transverse drainage gradient being provided 
at the crown of the road and becoming rather steeper at the sides so that 
"water may be drained into the channels positively and quickly. The 
finisher cannot lay to this shape. Its screed, which is normally straight, 
can either be “ broken” at the centre so as to give a versine of 1} inch, 
or tilted at either end 6 inches above its normal plane. Transverse shape 
- must therefore be obtained in terms of these movements and dimensions. 
When the surfacing is being laid in one strip, the camber must obviously 
“be obtained by “ breaking ” the screed in the centre to give the necessary 
- erossfall. When the surfacing consists, for example, of two strips, the 
method to be used will vary according to the type of material being laid. 
Plastic materials, which can be moulded slightly during rolling, may be 
aid with a straight crossfall from the crown to the centre of the road and 
the roller may be used to ease off the central peak. Harder non-plastic 
- materials are better laid with a “ broken > screed on each strip, the screed 
being tilted as well as “ broken ”’ so as to provide the minimum transverse 
" gradient on the central half-strips. 
During the course of a transitional length from balanced road to super- 
; elevation, the crown setting should be gradually removed throughout the 
on until the screed is straight at the start of full superelevation. 


_ It is usually better to mark service covers and lay over them and to 
Bes -sct after surfacing has been completed. If they are raised before the 
surfacing is laid it may sometimes be found that they come in the track 

of the crawlers, and interfere with levelling control. The machine cannot 
(at ) lay the surfacing to the cover level. Small differ- 


ences in level between the cover and the surfacing material will mar a good 


ri 
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‘running surface, and it is important that the covers should be correctly 
matched into the road surface. 


INTERCOMMUNICATION 


jae} 


_ In order that the maximum degree of efficiency may be derived from a 
fully mechanized organization, it is essential that a suitable and simple 
method of intercommunication should be available for the purpose of rapid 
direction and constant control of the various operations, especially when 
divorced from the normal telephone service. It has been found that the 
‘tadio telephone communication system is admirably suitable for these 
forms of mobile operations and, in addition, can be used with considerable 
advantage for the direct control of snow-clearing equipment during winter 
emergencies, thus enabling the radio equipment to be continuously 
employed throughout the year with resulting benefit to the maintenance 
of the radio equipment and operating personnel. 

' A radio communication system is in use in Lanarkshire and comprises 
a very-high-frequency simplex single-frequency radio telephone, of which 
he carrier wave is amplitude-modulated. This system is extremely 
flexible for providing communication between any number of mobile 
ic ‘units and one or more fixed points. The mobile equipment can be mounted 
in a car, lorry, roller, trailer, snowplough, or any such vehicle where a 
 6- or 12-volt battery can be made available to provide the power to operate 
it. The fixed, or static, stations operate from the AC mains supply and 
can be either directly or remotely controlled. 

3 Each set works on the single fixed frequency of 86-425 megacycles per 
"second and, since the frequency is quartz-crystal controlled, no tuning 
adjustment is necessary during operation, because the sets are always 
“automatically tuned, and the equipment is extremely simple to use. 
With this system of simplex operation between any two stations only 
one operator can speak at a time since, when one is transmitting, his 


5 


“receiver is automatically switched off. No skilled personnel are therefore 
“required to operate the equipment as the method of operation is almost 
similar to that of the ordinary Post Office telephone. 

_ The effective range of the equipment largely depends upon the height 
_ of the aerials and the nature of the intervening terrain. Over flat country 
the range is about 25 per cent greater than the optical, or line-of-sight, 
range, whereas the range obtainable in mountainous country, or within 
heavily built-up areas, may be correspondingly less, owing to absorption 
by the hills, buildings, etc.; so the siting of the fixed stations is an 
important factor if maximum effective range is to be obtained. The 
average range of the fixed stations is 25 miles radius with a radio- 
frequency power output of 12 watts. However, with simplex single- 
frequency working, the mobile stations can relay messages to and from 
‘the fixed stations, or communicate directly with each other, when 


- 
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2 
operating in difficult country, and thus facilitate combined operation 


and enlarging the effective range. 


MAINTENANCE 


As mentioned in the introduction, only the maintenance of the Barber1 
Greene machine is dealt with in this Paper, and the following information 
has been obtained from Messrs E. L. Harber and F. G. Flockhart of Jack: 
Olding and Co. Ltd, the suppliers of the Barber-Greene machines in Great 
Britain. ; 

In brief general instructions on maintenance they state the following: 
gained as an accumulation of knowledge during manufacture and operation 
in the field : 


** From experience we find that with few exceptions Contractingy 
firms expect the operator to do his own maintenance whereas in mosti 
cases the County Authorities arrange for maintenance staff over 
above the operator, and they do definitely allow both Saturday morn-: 
ing and a number of hours each day to be set aside for maintaining: 
the machine, whereas the operator who is also responsible for main 
tenance has invariably to carry out his maintenance either prior & 
or after the days working, or alternatively, between loads. 

It must be realized that the average operator is not going to doo 
much maintenance before or after loads which, in effect, is beforeg 
or after his normal day’s working. Very few machines, if any,. 
are working to anywhere near capacity, and there are often perio 
during the day’s working when there are considerable time lags 
between loads. Even a small amount of maintenance during these 
periods will help to eliminate unnecessary breakdowns, due to lack 
of maintenance.” 

The remainder of the information they have supplied is given in the 
Appendix. 


SE 


CoNCLUSION 


The Authors hope that what has been written here affords a further 
demonstration of what Telford said in his memorandum to the House of 
Commons in 1818—“ from this it will be seen that a much higher degree 


of ekill 3 is required in roadmaking than is commonly supposed to be the 
case.’ 


ACKNOWLEDGEMENTS 


Mr E. W. W. Richards wishes to acknowledge his maisbesanaant to the 
Highway Engineering Educational Trust and the Worshipful Company 


MECHANICAL SURFACING OF ROADS 693 


af Paviors for the opportunity of acquiring much of the information con- 
tained in his contribution to this Paper, and for permission to publish it. 
He also wishes to thank the Commissioner, Public Roads Administration, 
Washington, for permission to publish the American statistical data and 
the Barber-Greene Co. of America for extracts from their publications. 


a The Paper is accompanied by sixteen photographs and two sheets of 
diagrams, from which the half tone page plates and Figures in the text 
have been prepared, and by the following Appendix. 


“ead 


APPENDIX 


_ Messrs Harber and Flockhart’s observations so far as cleaning, adjustment 
‘and maintenance are concerned follow very closely those given in the manuals 
upplied by the makers—“ Barber-Greene 879A Finisher, Parts Catalogue and 
‘Maintenance Instructions’’ and “879A Finisher, Parts Catalogue, English 
‘Supplement.’‘ 

- On lubrication they make the following remarks: 


’ Nothing can add more to the life of the machine than thorough lubrication of 
moving parts, but it must be remembered that life is only added by correctly applied 
lubrication in accordance with manufacturer’s instructions. Mis-applied lubrication 
‘can cause troubles equal to those caused by no lubrication whatsoever. 

In the case of roller or ball bearings, there is a rubbing between the cage and the 
tollers and it is this rubbing which calls for the application of a suitable lubricant. 
‘Here it must be remembered that the lubricant, used to minimize this rubbing, itself 
‘sets up a degree of resistance to movement however thin it may be, The lubricant 
‘also acts as a preservative of the finely finished surface of the ball or roller bearing 
against attacks of moisture. Generally speaking, the steel from which bearings are 
‘made is particularly susceptible to outside influences such as moisture, dust and grit. 
— “ Grease ” is a name descriptive of a great variety of materials, many of which are 
‘totally unsuitable for application either to ball or roller bearings, and it is necessary 
to select the grease to be used with the greatest care. ; 

_ here are basically two types, lime base and soda base greases. The lime base 
prease is softest in consistency and tends to settle in the bottom of the bearing where, 
if excessively churned by high peripheral speeds, i.e. speeds over 600 r.p.m., it will 
‘become overheated. ? : ia Se 

As the shaft speed carrying the tamper eccentric and jack-knife bearings is double 


> 


the speed quoted, the grease required must be a soda base to conform with the follow- 
ing recommendations : 


Es 
3 Liberty HMP Grease Price R.B. 

2 Shell V.W. J. Kerr 

- Vacuum B.R.B.3. Wakefields Spheerol 8. 

3 Duckhams Z.3343. Texas Oil Co. Regal Starfak No. 2. 
fe 


The general instructions for lubricating the yarious points are as follows 
(a) Main Transmission 
q Check lubricant level every 50 hours. Change every 200 hours the level plugs at 
hopper end. Two level plugs, fill to the top one which is the level. 
(b) Clutch 
| b) cielo fittings. Grease every eight hours. Also see that the levers, pins and 
‘ollers are lubricated from time to time. The clam should be lubricated frequently 


also the gunmetal bush in the pulley. 
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(c) Gear Box : ; 
Check lubricant level every 50 hours. Change every 200 hours. Remove inspé 
tion port cover to fill. Pet cock for level reached through face of machine. 


(d) Crawler Intermediate Shaft ’ : ; ; : 

Four hydraulic fittings. One shaft each side of machine with two bearings on 
shaft. Grease every eight hours. Every two hours if travelling extensively. Oper 
side covers for two fittings. One fitting piped to top at tamper clutch. Remove 
cover on hopper side of engine for other fitting. . 


: 


(e) Crawler Spring Idler ; a 
Two hydraulic fittings, one each side of machine. Grease every eight hours 
Every two hours if travelling extensively. &. 
(f) Levelling Arm Pivot Bearing j 
Two hydraulic fittings, one each side of machine. Grease every eight hours. 


(g) Pan Feeder Foot Shaft 
Four hydraulic fittings. One shaft each side of machine with two fittings in end 
of each. Grease every eight hours. Lift flap over bar feeders. ; 
(h) Truck Rollers 2 | 
Two hydraulic fittings. One each side in end of roller shaft. Grease every 
hours. a 
(i) Truck Rollers Lope 
Clean with paraffin or fuel oil to keep turning free. Check every eight hours. 
(j) Crawler Foot Shaft 
Two hydraulic fittings. One shaft each side of machine with fitting in end. 
every eight hours. Every two hours if travelling extensively. 
(k) Crawler Rollers ; 
Twelve hydraulic fittings. Six each side of machine. Grease every eight hours 
Every two hours if travelling extensively. a 
(1) Crawler Drive Shaft ’ 
Two hydraulic fittings. One each side of machine. Grease every eight hours.;| 
Every two hours if travelling extensively. , 
(m) Pan Feeder Head Shaft 
Four hydraulic fittings. One shaft each side of machine with two bearings on eac¢ 
shaft. Grease every eight hours from below. Run machine up on six inch blocks. 
(n) Screw Conveyor Bearing 
Eight hydraulic fittings piped to top. Grease every four hours. Use high 
temperature grease when handling hot mixes, 
(0) Screed } 
_ Clean bottom of screed with kerosene or fuel oil. Check every eight hours. Paint 
with heavy oil to prevent rust when machine is not to be used for over a day. — 


(p) Thickness Control Screw Bearings Cee | 
Two hydraulic fittings, one each side of machine. Grease every eight hours. 
(q) Thickness Control Screw Nut 7 vf 
Two hydraulic fittings, one each side of machine. Grease every eight hours. 
(r) om eaten Thrust Bearings > 
o bearings located at top centre of screed. Pack with grease when . 
hauling. Oil with motor oil ole eight hours. ; Tet Oe 
(s) Tamper Links 
Twelve hydraulic fittings. Grease every four hours. 
(t) Screw Conveyor Countershaft 
Two hydraulic fittings. Grease every four hours. 
(u) Sear! Fees pre Conveyor Clutch Shaft 
ocated in gearbox. Two hydraulic fittings on bearings. Two hydrauli ings 
on bushed sprockets—ayoid too much Cue Two hydraulic “fittings ge 
shifter rings. Grease every eight hours. Raise hinged covers. Oo 


~ 
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{y) Feeder and Screw Conveyor Countershaft 

___ Four, hydraulic fittings, two each side in bearings. Grease every eight hours. 
Raise hinged covers. 


w) Gear Box Countershaft 
_ Two hydraulic fittings on bearings on each side of gear box. Grease every eight 
ours. Raise hinged covers. 


x) Gear Box Crawler Clutch Shaft 

Two hydraulic fittings on bearings. Two hydraulic fittings on bushed sprockets 
avoid too much grease. Two hydraulic fittings on clutch shifter rings. Grease 
every eight hours. Raise hinged covers. 


{y) Blower Drive Bracket 

There is one hydraulic fitting. Grease every eight hours with ordinary high 
ssure grease. 

_ The following individual Units require special attention : 

| Blower 

-~ The Blower itself requires lubricating with engine oil every 25 hours, and oil can 
‘be applied by removal of one of the studs from the gear housing cover. After removal 
of the gear housing cover it will be seen that there is an oil reservoir running right 
i the main body of the casting to the bearings at thépump end, so that lubrica- 
tion applied through the gear housing cover will automatically feed through and lubri- 
ate the opposite end of the pump body. 


Tamper Eccentric and Jack-knife Bearings 
These require very special attention and the grease recommendations made earlier 
J arrived at after consultation with the bearing manufacturer and the oil companies 
d should be strictly adhered to. 
__ Previous to this recommendation troubles were experienced with over heating 
ich Me mainly due to the wrong type of lubricant being used, and too much being 
plied. 
__ It is important with the comparatively high operating speeds that the bearing 
| housings should not be tightly packed with grease. The recommendation is that the 
bearing itself be completely packed and the housing space only half filled allowing the 
ease, when the machine starts up, to leave the bearing and enter the space remaining 
the housing thus preventing packing and churning. 

The method of applying the grease is to remove one of the end covers and force the 
grease into the bearing by hand from one side allowing the grease to go right through 
the bearing until it appears on the other side. This application applies to both the 

amper eccentric bearings and tamper plummer block bearings and also tamper jack- 
cnife bearings. This application dispenses with the use of grease nipples, thereby 

minating the possibility of excessive grease being applied to the bearing. New grease 
ould be applied every six months and thoroughly clean out all existing grease before 
filling. 

ack Rollers , 
These require lubrication every eight hours, and special attention should be given 

5 the two rear rollers due to these wearing faster than the others, this being caused 
the weight of the screed on the rear end ofthe machine. . 

Whilst excessive travelling from site to site by the machine under its own power 
not recommended it may be necessary, due to absence of transport or other reasons, 

cover fairly long travel periods. Should this occur, special attention should be 
ven to the track rollers on route, and lubrication applied every two hours. 


Discussion 

Mr Lovell, in presenting the Paper, explained how the Paper had come 
to be written. He had been given nominal responsibility for writing it, 
and, in covering the subject, he had tried to get experience from the north, 
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from Mr Wilson, from the south, from Mr Richards, and from himself s 
representing the middle of England. In the Paper there were & good 
many data gleaned from American sources, during a visit which I} 
Richards had made to America and were definitely his contribution t 
the Paper, a contribution which Mr Lovell found of extraordinary interest 

The object of heating and planing was to overcome irregularities on 
roads with too fat a surface. It was not applicable to, or generally : 
problem on, anything except a road modernized in the past decade ana 
subject to heavy traffic. It was intended to deal with surface irregut 
larities and was no good for foundation troubles. It was particularly 
useful in built-up areas, but in that connexion he ought to give the warning 
that danger and nuisance from smoke might on some occasions be very rea 

The planed-off material could be used again, and that in itself was very 
often an asset, because it made the operation overall cheaper to tha 
extent. He would like to pay tribute to the trade for the developmen 
of the plant which was used. They had done all the development works 
and the plant was the result of their direct interest in the matter. There 
were two main types of machine, those with V-blades and whose with 
reciprocating blades or rotary blades. There was also the grader, whick 
could be used as a planing machine though not specially designed for tha: 
purpose. 7 

In the Paper some prices had been given, but the figures were a little 
on the high side, and prices could soon be expected to be a little lower: 
than those quoted. 4 

There was also the necessity of subsequently treating the surface of 
a road after it had been planed. It was not safe to leave it indefinitely. 
or very often the seal was broken and trouble occurred through water 
getting into the foundations. ‘ 

The next section of the Paper dealt with non-power-operatedi 
spreaders. That was a half-way house between hand spreading andi 
machine laying. Such a machine was useful for small jobs and narro’ 
roads. Its efficiency depended primarily, in his opinion, on the use ¢ 
a suitable material, which was generally of the cold asphalt type. 


principle involved a series of screeds, and by the material flowing acro 
the road under the forward motion of the screed a level and unif 

surface was obtained. It required intelligent feeding and towing, a 
there would be trouble if it were towed by a lorry and the lorry were 
allowed to move forward with a jerky motion. Too much should not be 


4 


| 


expected from the machine; it could not replace a Barber-Greene, but 
when used in addition to the Barber-Greene it could be a very useful 
piece of plant. 

He proposed to leave the whole question of power-operated finishers 
to be dealt with by Colonel Richards, and to turn to the section on inter. 
communication towards the end of the Paper. That was often a sadly 
neglected piece of organization, and very often only necessity and costs 
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forced the issue by raising their ugly head. In that connexion he would 
draw particular attention to the transport-movements chart, Fig. 1, which 
illustrated the point which he was making. To refer to some of the 
difficulties which were experienced if intercommunication was not working 
properly, the Barber-Greene machine might break down and lorries would 
be on the way, and probably the material coming in was wasted. In bad 
‘weather, again, the material might be wasted. On the other hand, the 
quarry plant might break down and there would be a gang on the road 
and the plant waiting, and that would put up costs and often led to the 
“criticism that people were standing about and no work was going on, and 
“go on. To his mind, radio was the obvious answer. It was extensively 
“used in private practice, and its development for work of the kind in 
question was long overdue. In local government use, a point to be 
decided was the hook-up desirable, whether it should be on the network 
of the highway department or on that of the police or ambulance service, 
by some arrangement with them. It was a question to be decided— 
whether the highway department's own network was justified or whether 
_ there should be joint use of as much as practicable of the facilities available. 
| Further thought would have to be given to that. 
The last section of the Paper dealt with maintenance, and he would 
like to thank Messrs Harber and Flockhart, of Jack Olding and Co., for 
much of the information contained in the Paper. None of the information 
in the rest of the Paper was of any use at all if maintenance was neglected. 
~ To do its job the machine had to be in perfect working order, and for it 
to be in perfect working order adequate maintenance was, of course, 
essential. The intelligent reading of any report on a large civil engineering 
ob showed that systematic and regular maintenance paid dividends, but 
‘maintenance, unfortunately, was often taken for granted. 
_ Mr Richards, continuing the introduction to the Paper, said that the 
‘substance of the rather lengthy section on power-operated finishers could 
be expressed in two short statements :— 
(1) That to produce the good finished road surface which the machine 


was capable of laying it had to be operated with a knowledge 
of the principles of its construction and of the characteristics 
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; of the materials which it was laying. 

: (2) That high output and low costs could not be achieved without 
i close attention to organization and the development of sur- 
facing materials suitable for fast laying. 

‘It might be thought, from traditional conceptions, that those state- 
ments were obvious but incompatible. 


ee 


No one would dispute the validity of the statement that correct 
operation of the finisher and supervision appropriate to its rate of expendi- 
ture were important, and that it would make a great difference to output, 


cost, and quality. 


o 
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It had been stated 1 that “‘ good standards of evenness have frequently 
been achieved over lengths of 10, 20, or 30 feet, standards which wer 
much better than the average for the road. Yet what was obtained over 
20 feet should, with similar skill and attention, have been possible over 
200 feet, or 2,000 feet ; relaxation of attention in one direction or other 
must be presumed to have been the cause of the frequent lapses from a 
standard which was demonstrably attainable.” } 

The object of that part of the present Paper which dealt with tha 
operation of the finisher was not to provide a manual for operators but t 
demonstrate the principles on which correct operation depended so thati 
all surfacing work might be raised to a uniform standard of excellence 
The finisher itself should play a major, if not the predominant part, im 
the surfacing operation and it might often be desirable to change othe 
factors in the surfacing operation to suit the technique of laying by finisher: 
rather than, as was so frequently done, to slow down the pace of thes 
machine to suit a surfacing material which might possess no compensatingg 
advantages. f 

In Hampshire, the information given by Mr Scott’s Paper,1 supported! 
by some local work, had led to the conclusion that the laying of surfacingy 
materials on unprepared bases—sound but irregular in shape—was ai 
practical proposition. 

It was undoubtedly true that the ideal road surface was produced by 
laying upon a smooth and even base, of uniform strength throughout, a 
surface strong enough to be free from any tendency to disintegrate an 
stable enough to resist deformation under traffic. That state of a 
seldom, if ever, occurred and the road engineer was usually faced, so far 
as the base was concerned, with the problem of eliminating irregularities ; 
either before or when applying his final surface. If he desired to lay a 
uniform thickness of material he might do it by two methods of equaliza- - 
tion—the first being to plane or scarify and roll the foundations to an even 
contour, and the second to fill in the depressions with some form of sur: | 
facing material before laying the surface coat proper. Both of those 
methods had their disadvantages. The first involved disturbing or tearing 
up a foundation consolidated by many years of traffic compaction. The 
rolled surface could never be as hard as the portions which had not J | 


were of a large order. A frequent practice was to make up inpagrulageiad ] 
by using a finer material than that of the surfacing coat. That finer 


* W. J. O. Scott, “Roads and their Riding Qualities.” Road Paper No. 
Instn Civ. Engrs, 1948, 
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material usually had less mechanical stability than the surfacing itself, 
and could be justified only on the grounds of convenience and expediency 
in the days of machine-laid and compacted surfaces, though it had un- 
‘doubtedly been of great value in the days when surfaces had been laid 
by hand and there had been a strong, though perhaps unconscious, ten- 
dency on the part of the laying gang to follow the irregularities of the 
ase, or when differential compaction had been likely. 

Now that most, if not all, surfacing work could be undertaken by the 
Barber-Greene Finisher—which produced a smooth and regular top surface 
with uniform compaction—the surfacing and compensating courses might, 
‘within limits, be laid in one operation. Before the finisher had been 
‘available there had been very real objections to that procedure, though 
it had undoubtedly occurred, and with little harm, to a much greater 
‘degree than was commonly supposed. Now that the finisher (and 
especially the compacted-strike-off type) was available many of those 
‘reasons had disappeared and the balance of advantage had changed to the 
extent that there ‘should not be positive reasons for rejecting so logical 
and economical a procedure within the limits where it might be applied. 
In Hampshire, in the year 1946-47, before the present practice had 
been adopted, approximately 44 miles of road had been surfaced, of which 
only 8 miles had been laid by finisher. In the following year (the year of 
partial conversion), 108 miles of surfacing had been laid. In 1948-49, the 
‘first full year of operation under the new system, 183 miles of road had 
been resurfaced (160 of them by Barber-Greene) at the same cost as the 
108 miles laid in the previous year. 

_ Those figures were not unaffected by other considerations but it 
_ should not be thought that that expansion had been effected by spreading 
the material more thinly, and so covering a greater area ; indeed, more 
than 50 per cent of that tonnage had been more than 3 to 4 inches in 
thickness, more than 75 per cent was greater than 2 to 3 inches in thick- 
“ness, and more than 85 per cent of it greater than 1} inch thick. 

In the year in which the bulk of the money had been spent in securing 
the existing road surfaces against deterioration by means of resurfacing, 
it had been estimated that the value of that practice, on the basis of the 
; costs of the method which had been superseded, was nearly half a million ~ 
pounds a year. In Hampshire the change of practice had been a calculated 
risk, justifiable only in terms of the necessity which had existed at that 
time. The risk had been well taken; the surfaces were still sound and 
undeformed after some years. The practice was now so widespread 
that within a few years it had become a commonplace. That result could 
not have been achieved if the technique had not been adapted to the 
~ mechanical devices then available. 

- Turning to the second of his summarized statements, namely that high 
. d not be achieved without close attention to 


output and low costs coul t 
organization and the development of surfacing materials suitable for fast 
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laying, Mr Richards went on to say that the Paper itself containec 
sufficient illustrative detail to emphasize the point that close attention, 
to organization and supervision would not be wasted. Present difference 2 
between theoretical capacity and actual laying rates, and between British 
and American rates of progress, were sufficiently wide to make it evident 
that improvement was possible. Momentary laying rates of a high order 
had been achieved on roads in Great Britain, but there was still much te 
be done in that field. Engineers and research workers in Britain had 
tried for a long time, and without much success, to devise and specif 
surfacing materials from first principles, but as yet no satisfactory corre- 
lation had been found between the standard tests prescribed for the 
materials of which surfacing mixtures were made and their behaviour om 
the road; in fact, the only good mixtures were those which had beet 
tried and found to be so. It had been suggested in the Paper that the 
problem might be tackled from the other end by relating the characteristit oa 
of the finished surfacing material to its behaviour on the road. There 
was already a substantial American background for that idea, and tests 
and standards already existed for its application. : 

In any examination of the subject Mr Richards felt that it was essentié 
that Britain, as a nation, should make some effort to get away from aé 
retrospective adherence to the materials which were still specified in thee 
British Standards for lack of experience in machine-laying methods. 
appreciated that the proper place for that to be done was during the draf 
ing of the Standards themselves, and he hoped that ultimately it would! 
be done there. If it were not soon accepted that the machine was to 
play an important if not predominant part in surfacing technique, then: 
there would be no escape from the uneconomic practice by which t 
quantity of material which would be laid in a normal working day in 
Great Britain was limited to 100 to 250 tons as compared with the 800 to 
1,200 tons which was normal for the United States. Whilst saying that 
Mr Richards would not countenance the idea that fast laying and high 
quality were incompatible. 

It could of course be argued that the British highway engineer wat 
at present too poor to be efficient or economical, and that though improve- 
ments might be made in technique and organization he might be com- 
pletely frustrated by the size of the job itself. A proper integration of 
plant, material, and job was obviously essential before high output and 
low costs could be achieved, but nevertheless, even under present con 
ditions there would seem to be room for improvement in organization ant 
the use of equipment, and little increase in output or reduction in costs 
was to be expected until those matters had been attended to. 

Many of the statements and arguments advanced in the Paper 
far-reaching implications; some were of a controversial nature. The 


would not—indeed, should not—be accepted without examination an 
discussion. 


DISCUSSION ON MECHANICAL SURFACING OF ROADS 701 


j The Chairman, when proposing the vote of thanks to the Authors, said 
| that he was grateful to them for their Paper and to the Barber-Greene 
| | machine for adding a new interest to his life. He well remembered, in the 
4 early days, having had considerable difficulties with the older members of 
his staff when he insisted on the Barber-Greene machine being used for 
‘unprepared surfaces, and it was only when he said “ It will be so ” that the 
‘arguments ceased, If the Paper achieved one thing only—he was sure 
§ that it had done a great deal more—and made people realize that the 
| Barber-Greene machine would not lay surfaces by itself, it would have 
_done a tremendous amount of good. He had seen some bad work carried 
out with the Barber-Greene in Great Britain which he would have taken 
up. That arose from the fact that it had not been realized that the Barber- 
4 Greene would not work by itself but must be looked after and run properly. 

“4 The Authors had incorporated a tremendous amount of useful material 
‘in their Paper and were to be thanked not only for a valuable Paper but 


z 


for the very considerable amount of time which they must have given to its 


preparation. 
a Dr W. H. Glanville observed that the Authors had described one 
} aspect of the revolution which had taken place in road construction in the 
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Lonerruprnan PRoFILES oF TYPICAL SuRFACES BEFORE AND AFTER Heating 
: AND PLANING-oFF OLD SuR¥ace Dressmves 
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past decade. It was important that engineers engaged in the work shoul 
have the opportunity of describing their experiences. # . 


Dr Glanville showed some slides illustrating the research work carrie 
out at the Road Research Laboratory by Mr Scott, which Mr Richar 
had mentioned, and said that it would be useful for them to appear in tha 
records together with the present Paper. a 
The curves in Fig. 19 were in pairs, and represented the profiles o: 
road surfaces before and after the heating and planing of the old surface 
dressing. The upper curve of each pair represented the original surfae 
and the lower one the surface after planing. The intervals shown on the 
slide were } inch, giving some idea of the improvements, which were, i 
fact, considerable. The general form of the irregularity was carried throug 
from the original surface to the remaining surface ; the large waves wel 
carried through to some extent. 


TABLE 7.—EXAMPLES OF SURFACE IRREGULARITY MEASUREMENTS 
BEFORE AND AFTER HEATING AND PLANING 


Trregularity Index, q: Reduction of 


inches per mile Trregularity 
Machine ee ee at per cent) 
After 

Machine A 114 29 

87 39 

74 59 
Machine B 69 71 
Machine C 159 36 

90 37 
Machine D 


(All sites more than 500 feet long) 


Table 7 summarized those results and showed the irregularities in inches — 
per mile, giving the total rise per mile of all the bumps added together for — 
different heating-and-planing machines. It would be seen that after heating 
and planing, some of those surfaces had irregularity index values which were 


Authors said that “ The heated and planed surface should be either mucha | 
1 There were cases, of course, 
where that was essential, and perhaps one of the Authors would say 
something about them, but there were also cases where the evenness ws 
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sufficient and the condition was satisfactory for use for a number of years. 
1 Dr Glanville knew of one case where a road had continued in use satis- 
4 factorily for as long as 7 years without resurfacing. Very considerable 
} economies, therefore, were on occasion possible by allowing the surface to 
‘remain in its planed condition. It was not an ideal surface, but it was much 
better than the original, for the motorist at least. 

_ Fig. 20 had appeared in Scott’s Paper and compared the inches per mile, 
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the Bef ilacty index, for hand-laid and machine-laid surfaces. It would 


be seen how much lower the machine-laid surfaces were as a group than the 
hand-laid surfaces. It had been found, for example, after the war that 
‘machine-laid surfaces were getting irregularity indices below 60, which 
' was something almost unknown before the war with hand-laid methods. 
On the other hand, as the Chairman had pointed out, machine-laid surfaces 
ould be bad if the machine was not properly used. The number of 
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occasions on which a machine was misused, however, was decreasing ver 
rapidly as more experience was obtained. re! }o. e 
Figs 21 compared different methods of laying bituminous surfacings an 
the effect of the surfacing on the irregularity. The upper curve was th 
finished surface and the lower curve the original surface. It would be seen 
from the third pair from the top how excellent a surface the Barber-Green 
finisher had provided. 2 2 
In the last paragraph on p. 679 the Authors had made a comparison 
between what they called “‘ academic research” and what they calle 
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(COLD-LAID FINE-TEXTURED ASPHALT) 


“production and cost studies.” He had always found it difficult to under- - 
stand what, in that field of applied research, “ academic research ” was}; 
- would the Authors explain what they had in mind ? ;| 

It was very important to keep the question of machines in perspective 
and to relate it to the advantages to be obtained from lengthening the life 
of surfacing by paying careful attention to its composition. If half the 
cost of laying the surfacing were saved, it meant exactly the same savin 
subject to some slight adjustment, as would be made by doubling the li 
of the material. There were two ways of economizing: one was by in- 
creasing the life of the material and the other by reducing the cost of 
production. He doubted whether as much as half the cost could easily 
be eliminated, but he had no doubt whatever that it was possible, by exer 
cising care in production, to double the life of many of the surfacings which 
were put down to-day. . 


On p. 679 of the Paper the Authors referred to’ “ qualitative tests,” 
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| © desired characteristics,” and to tests developed in the U.S.A. He would 
| like some more information on that point also, if the Authors could provide 
it, because, although he kept fairly closely in touch with what the American 
| engineers were doing, he did not think that as a whole they were satisfied 
| with the methods of test which had been developed in America. Some of 
j them were satisfied, and those who had developed tests in certain States 
4 seemed to be enthusiastic, but they seemed to become enthusiastic and to 
§ lose their enthusiasm much more rapidly than did engineers in Great 
Britain, and he did not think that many of them seriously felt satisfied at 
} the moment that they had solved those problems. 
} On the question of intercommunication, he said that the scheme was 
1 “an excellent one, because it was clear that all the methods in a mechanized 
} train should be equally efficient, and intercommunication was one of the 
important elements in the train, He wondered, however, whether the 
tadius of 25 miles with a power output of 12 watts was correct, because 
as a result of experience and from the Post office recommendations he 
‘would have expected the range to be much less than that for a power 
} output of that order. 
os Finally, he would like to congratulate the Authors on their conclusion. 
Having written a very interesting Paper, they had said at the end of it: 


“The Authors hope that what has been written here affords a further 
demonstration of what Telford said in his memorandum to the 
House of Commons in 1818—‘ from this it will be seen that a much 
higher degree of skill is required in roadmaking than is commonly 


999 


supposed to be the case ’. 


_ They must have enjoyed writing that; Dr Glanville knew that he 
would have done so, It was undoubtedly true, but it would have been 


oe 


"very interesting to compare the “this” of those days with the “ this” 
‘of to-day. He had never had the pleasure of reading that memorandum, 
| but he had no doubt that Telford would have been very surprised if he could 
have read the present Paper. 

a Mr E. B. Hugh-Jones said that he had derived a great deal of pleasure 
| from reading such a very practical Paper, presented by three leading 
County Engineers. The combined heater and planer was a piece of plant 
of which many more were needed in Great Britain. It was a most eco- 
~ nomical system of improving the riding qualities, and he thought that it 
- ought to be used much more than it had been so far. Now that there were 
so many different types of planer available, he hoped that it would be 


2 


- possible to do that. 

_ He agreed with Dr Glanville in thinking that it was not always neces- 
| sary to cover the surface within a few months. There were a good many 
| cases where the road had been left for more than 18 months without ill 


. 


effects. Each case ought to be considered on its merits. 
| The economy and the technical excellence of the finished surface laid 
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by a Barber-Greene machine naturally depended on the machine to a ver: 
large extent, but the training of the crew and keeping a good team togethe 
were of primary importance. Not only should the crew be keen and intelli 
gent but there should be at least one person in the team, and perhaps mo: 
than one, who was familiar with running adjustments and minor repairs 
The Ministry of Transport owned 13 machines, 12 large and 1 Junior, ana 
in 1951 227,000 tons of material had been laid. The cost of depot repair. 
and major repairs on the site worked out at 7d. per ton. The men at th’ 
depot were very skilled, so that that was probably a fairly low figure } 
it included a percentage for overhead charges. Having regard to th: 
mileage of roads which ought to be surfaced, there ought to be far mor 
machines in operation in Great Britain. They were costly, but they paid 
for themselves very quickly, and he hoped that highway authorities would 
be more forthcoming in purchasing these machines. > 

It was sometimes said that the highway authorities could not do any: 
more work because they were short of labour. The labour force on the 
roads to-day was 35 per cent less than in 1939. It might perhaps be 
assumed that mechanization would make up for that, but in point of fact 
it did not seem to do so, and one reason might be that there were not yet 
enough machines operating. 

He could confirm what Mr Richards had said about the tonnages whieh 
were laid in America ; he had also seen several miles of surfacing being) 
laid in Canada, and there the tonnages were at least equal to those mentioned 
by Mr Richards, and the quality of the work and of the material had bess 
first-rate. He had ridden over several miles of that road, and the surfs ce 
was as good as any which he had seen produced in Great Britain, while ¢ bee 
price of it was astounding, being 3.60 dollars, supplied and laid, whicht 
worked out at 26 shillings per ton. When it was remembered that their: 
minimum rate of pay was 5 shillings per hour, one wondered how they did: 
it; but he had seen it being done and he had also inspected their pro-- 
duction arrangements, { 

‘He would emphasize what the Authors said about the importance of’ 
cleaning the machines, because very great difficulty had been experienced, 
especially in cold weather, from machines which had been started up in the: 
morning with cold asphalt (from the previous day) stuck to the ve 


chains, and the chains would not take it. That led to delay and gave rise 
to a certain amount of trouble in obtaining spare parts. The manu- 
facturers could help by marking those parts of the machine which we re 
most liable to break with an identification number. The Ministry were 
trying to do that with their own few machines to overcome the difficulty. 

Could the Authors provide any information on the economics of a 
petrol-driven machine compared with a diesel-engined machine? The 
Ministry’s machines had petrol engines (Ford tractor engines), and petrol 
Was very expensive, whereas diesel fuel was cheap. On the other hand 
it was difficult to find mechanics who were expert in maintaining a diesel 
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if 
imachine, but there was a good supply of mechanics experienced in the 
maintenance of a Fordson tractor. 

_ The Authors had stated that the Junior model could lay to 8 feet, but 
‘the manufacturers gave the figure as 8 feet 6 inches. 

) Mr Stanley Mehew said that he was sorry that’ the Authors, despite 
their terms of reference given in the first paragraph of the Introduction, 
had been unable to give a little comparative information on another mech- 
fanized type of surfacing construction, namely the process now commonly 
called the “ retread” process. It was entirely mechanized, and of particular 
value because one of the bottlenecks in the use of the Barber-Greene in 
}many parts of Great Britain was the available output of coated material. 
)For rural roads the retread process provided a substitute method which 
the believed had met with considerable success in certain areas. 

} With regard to heating and planing, could the Authors give more 
Hdetailed information on the problem of removing considerable thick- 
Snesses, such as a complete old carpet up to about 13 inch thick? The 
J subject was mentioned in the Paper, but he would be glad to know whether 
that could be done satisfactorily in cases where it was not merely a matter 
of dealing with a considerable thickness of accumulated surface dressing. 
| That was important, because in many places carpets had to be replaced 
‘and it was not desired to raise the level of the surface because of inter- 
ference with kerbs and so on. 

| He was of opinion that the danger of reducing adhesion to the subse- 
‘quent surfacing was quite a serious one, particularly on roads of some 
gradient in areas where exceptionally heavy loads were carried. He had 
experienced a number of failures apparently caused by the surfacing not 
‘gripping the old base, and he had assumed the reason to be that the 
heating-and-planing process had left the old surface very dry. A tack 
‘coat could be used, and at times was used, but any comments which the 
‘Authors had to make on the problem would be of interest. In that con- 
‘nexion, he would like to know whether the Authors favoured the surface 
dressing, possibly with slag shippings, of a planed surface and allowing 
traffic on it for a year or two, rather than laying the resurfacing carpet 
straight away. Mr Mehew favoured that treatment where time permitted. 
_. Referring to the effect of traffic in lessening minor irregularities in sur- 
faces laid with Barber-Greene machines, he had found it of considerable 
‘advantage, when laying two-coat work to allow the traffic to run on the 
sealed base coat for at least a year, and then follow up with the finishing 
coat. He had carried out experiments, and he was convinced that a 
longer-lasting and better surface was obtained by leaving an interval 
between the laying of the base coat and the final coat. Would the 
Authors give their views on that ? i : : 

4 _ With regard to economics, the theoretical approach mentioned in the 
de tter part of the Paper was of very great interest. The Authors had cal- 
culated that at the standard speed a machine should be capable of laying 
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about 1,100 tons a day. That was a very interesting approach, whicr 
emphasized the large difference between the actual and the theoretica 
performance. On the allied subject of mechanized surface dressing, foi 
instance, he had recently investigated the question on the same lines witlt 
rather staggering results, because he found that if a mechanical pressure’ 
sprayer put down 2,500 gallons of binder a day, which was quite a gooo 
average figure, the machine on straightforward running would be operat; 
ing for only about 47 minutes. é 
On the question of evenly planned deliveries in order to prevent stopy 
pages, referred to on p. 677, the Authors would appreciate that highway 
authorities were very much in the hands of the suppliers of materis 
because very few highway authorities manufactured all their own materia 
Mr Mehew said that in his own area in Derbyshire, in which there wera 
many producers of coated stone, some difficulty had been experienced iti 
getting good deliveries in the mornings, for the simple reason that th 
manufacturers wanted to deliver to their more distant customers firs 
He complimented the Authors on Fig. 1, which was most ingenious 2 
instructive. It was interesting to see that on those two jobs, which h 
gathered were about 10 to 15 miles from the plant, most of the lorried 
made only two or three trips a day, despite the comparatively short ha u 
It would appear that the delays could be reduced with advantage 1 
efficiency. The, many difficulties in doing that were appreciated, and he 
merely wished to emphasize how valuable the diagram was in illustrating 
where the delays occurred. y 
Regarding big deliveries, did the Authors feel that the human element 
was of great importance in handling them? He felt that there was « 
tendency, which he had noticed also with surface dressing, for the men in 
the gang to “fade ” a little if very large quantities were supplied to the 
job. In saying that he had in mind figures well in excess of 200 tons per 
day, Could the Authors give any information on United States or Cana- 
dian practice in that matter? Were the men dealing with those large 
tonnages referred to by the Authors paid on an incentive scheme or 
output-bonus system ? 
Mr H. S. Andrew said that one of the great attractions of the Paper 
was that it dealt fully with a comparatively small but not unimportant 
nee of the subject, and it gained very greatly in interest as a result of 
that, | 
The Authors had shown that the quality of hand-laying was surpassed. 
by that of machine-laying. The Authors also made a si ial when they 
emphasized that with the Barber-Greene machine, as distinct from oth 
methods, differential compaction did not occur under the roller. That w 
the crux of the matter when laying on an imperfect base coat, as had of 
to be done. ; 
From Table 2, taking the average figure of 1,100 tons per day, whi 
could be reasonably achieved on an actual productive time varying bet 
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Ti and 33 per cent of the available working time, it would appear that 
the Americans achieved an output of between 121 and 363 tons per 
day, which figures, he thought, were surpassed by the average figures 
in Great Britain in many cases. It was striking to note that on an 
average only 21 per cent of the available working time was used in 
erica. 

He regarded pp. 680 to 691 as probably the most valuable part of the 
“Paper. The economic use of the Barber-Greene demanded a full knowledge 
| of its abilities and capabilities, and they were very well given by the 
} Authors. 

The figures for the pay and output of American operators would be 
} noted with interest. All those who were connected with the roads in Great 
Britain were anxious to see the pay of the British operator increased, and 
+o see him given machines which would increase his efficiency in order that 
his pay could be increased, perhaps not to American levels but to a level 
which would make it possible to keep a reasonable amount of good labour 
| on the roads of the country. 


<4 Possibly the second paragraph on p. 683 should be amplified, because it 
| was not clear what accumulation of material should be on the job before 
the machine started. 
"Mr Andrew agreed with the statement on p. 689 that “Tt is usually 
better to mark service covers and lay over them and to re-set after surfacing 
has been completed,” but said that on occasion the reverse had appeared 
to be more suitable and had some advantages, if only in the view of people 
who liked to think that the job was finished when the surfacing was seen 
going down. Moreover, it had some merit in the days when there was apt 


to be a shortage of the type of labour required for the purpose. One of the 
“most interesting parts of the Paper was on p. 669, where the Authors re- 
ferred to the economic implications of the change in conditions. The 
emptation afforded by the method of putting down a carpet which could 
be burned off and replaced cheaply and readily, and with very little inter- 
ference with traffic, must have a very great effect on the whole outlook on 
¢he construction of roads, at least in rural areas. There would be a tendency 
9 consider the treatment of a long length of road in one piece during one 
year, as compared with the pre-war method of dealing with very much 
shorter lengths of the same roads. 
He tended to have an urban outlook on these matters, and there was 
| another aspect of the subject which he thought required more careful 
 gonsideration than had been given to it in the past. Manholes and gulley 
‘grates between the kerbs of carriageways must be abolished. That was 
@ point which should have careful consideration both in the New Towns 
, more particularly, on the Motorways. His own authority had at 
es in the past been guilty of putting manholes on their surface-water 
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be able to dispense with the mason’s labour following on the process o¢ 
planing and carpeting. : ¢ 
Mr A. J. Lyddon expressed alarm lest there be a future Chancello 
of the Exchequer present who had listened to the remarks of Mr Richard 
and Mr Hugh-Jones. Mr Richards had referred to what had been done int 
1947 in the way of resurfacing 44 miles of road, and had said that at na 
greater cost that could now be doubled or trebled. Mr Hugh-Jones said 
“ Take a skim off and let it go on for some years.” Extreme care ought t 
be taken not to do or say anything which would make it more difficult t 
persuade the authorities to provide more money. " 
On p. 9 the Authors had said that “the technique of specifying 4 
manufacturing surfacing materials has advanced to-day to a stage of almost} 
complete reliability.” There would be general agreement with that. O 
even greater importance, perhaps, was the statement on the next page 
that “ great care should be taken in the provision of adequate drainage 
for the base on which the surfacing material is laid.’’ That should be trebly 
underlined, because many of the defects of the materials laid arose from 
want of drainage. He admitted that the money made available had not) 
enabled as much to be spent on drainage as could be wished. The Authors 
were very wise in emphasizing the importance of the provision of adequate 
drainage. 
With the knowledge possessed by the Authors from their experiences 
_ in three important counties, Lanarkshire, the West.Riding, and Hamp 
shire, he had been hoping to find in the Paper comparable figures foi 
English practice as well as figures for American practice. He had no wish! 
to detract from what was being done in America, but he was not disposed: 
to accept a position of inferiority for Great Britain on the question of output. 
It might be true that figures such as those quoted were not obtained o 
British highways, but he had known one single Barber-Greene machine 
to lay 1,000 to 1,200 tons day after day, not on highways but on runway 
It must not be said, therefore, that it was not possible to doit. If the users 
of the material would co-ordinate their demands or programme 
requirements it would be quite possible to double or treble the quantity 
material laid by a single machine. The difficulties were not engineerir 
difficulties, of course, and the position was conditioned entirely by t 
need to make the money available go as far as possible, so that it mig 
be possible to lay quantities, in this country, which were quoted by tk 
Authors as being laid in America. 
On p. 681 the Authors had said that “ To maintain minimum thicknes 
and a level surface should be the aim.” That again should be underlined, 
They went on to remark that “‘ The material used should be measured and 
paid for by the ton, so that there will be no inducement to depart from 
this principle,” which had often been said. A good riding surface must 
be and could be obtained, but if the sub-base were irregular it must be 
regulated and dealt with as the Authors had suggested. He had been told 
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that in Hampshire, before the war, £300,000 a year had been spent on 
Preparatory work before surfacing. That had been eliminated now, but 
jthe thicknesses of surfacing material had been increased, as was corroborated 
by the figures given by Mr Richards. There were two schools of thought 
fon the matter, and there were many who said “ Do not trouble about the 
minor irregularities, but put down a reasonable coating so that the Barber- 
Greene can almost eliminate the irregularities by reason of the adequate 
i thickness laid.” 

} It must not be forgotten that we were not behindhand in productive 
i capacity in Great Britain. He could name three or four plants which 
} turned out 10,000 tons per week. The material had to be distributed to a 
‘very large number of users, but our productive methods were not far behind 
ythe best. In certain parts of the U.S.A. the whole of the productive capacity 
| was conditioned by getting the work done in the minimum of time for 
{climatic reasons. There were not many countries in the world where it was 
i possible for work to be carried on for 300 days in the year (as in Great 
Britain) and that made a difference to the output over the year. 

} Another point to be borne in mind was that 5 or 6 years ago the then 
Minister of Transport had referred to a 10-year programme of road con- 
‘struction and maintenance. Acting on that, one firm at least spent more 
‘than £1,000,000 on modernizing and enlarging their plant—a great risk 
to take in view of the subsequent paucity of funds. 

| Mr H. W. Hayton thanked Mr Lovell for making some correction of 
‘the figures given in the Paper for the cost of planing. From recent infor- 
‘mation Mr Hayton had found that costs were now about two-thirds of 
those given in Table 1. 

__ He then described a development which had not been mentioned so 
far. He said that a number of operators had incorporated a pick-up 
elevator to the machines and a device for reclaiming and re-mixing, adding 
‘back some of the volatile constituents which had been “ burnt out.” The 
product had formerly been rather harsh, but nowadays a material satisfac- 
‘tory for footpaths and repairing the frayed edges of carriageways was 
obtainable, and the cost was satisfactory at about 1}d. extra per yard of 
| planing. : 

__. Mr Hayton went on to describe some experiments carried out on sec- 
‘tions of the same road in West Sussex in collaboration with the Road 
Research Laboratory. First, the Laboratory’s profiling machine was used, 
and recorded irregularities of 150 to 200 inches. ‘Then three different 
planers—a fixed-bar type, a reciprocating-bar type, and a rotating-wheel 
‘machine—were tried, and in each case there was a reduction of one-third 
to one half of the first irregularity. The conclusion was reached that the 
‘difference was not one of degree, but merely a matter of recording the 
different surface textures resulting from the passage of each machine, the 
profiling machine being very sensitive and recording as small a variation 
| as 0-01 inch. 


 & 
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A thin carpet, not more than § inch, was then laid by a Barber-Greene 
and the profile machine used again to record any improvement. On each 
section this reduced the irregularity, from the new datum, by two-third: 
to three-quarters, and the final irregularity indexes obtained were betweer 
31 and 35 inches per mile. Those figures were as low as, or slighty lowe¢ 
than, the very best shown on Dr Glanville’s slides, and gave an indicatio: 
of the immense value of those two processes together to the road engineer 

On the subject of the Barber-Greene machine, there were two cons 
flicting statements in the Paper. On p. 687, the Authors had said that i 
was undesirable to lay short lengths and then change over purposely t 
match the longitudinal joint, and on the next page they said that traffial 
would break down the exposed edge, which of course it did. It was diffi: 
cult to correlate those two statements, because the machine would lay 
easily a long length of road and it was almost impossible, on a winding 
road in particular, to prevent traffic running over and damaging the edge: 
A compromise which he had introduced was to work the machine for the 
first half of the morning on one side of the road, and then drop back to the 
other side for the remainder of the morning and half the afternoon, 
coming back in the afternoon to match up. That seemed to give the smal+{ 
lest amount of exposed joint and the least amount of potential danger toc 
the joint. ‘ 

Had the Authors any views on the long roll, which was a difficult sub- 
ject on which to get information? A string line could indicate varyings 
irregularities over lengths of, say, 40, 80, and 120 feet, and if they were a . 
ironed out, the result would be almost a railroad, at colossal expense. F3 r 
the point of view of comfortable riding, was there any particular length ¢ if 
depression which might safely be left to the ameliorating effect of the: 
machine itself ? 4 

Regarding the preliminary regulation—so costly, and using thatt 
precious commodity, man-labour—had the Authors experimented wit 
the use of the Barber-Greene, cutting almost bare to lay the first regulatin: 
coat on the top of the old road ? — 

Mr J. McCarthy Lee referred to the qualitative tests mentioned oh 
p. 679 and said that, in spite of what had been said earlier, he thought that 
they were very necessary. In East Sussex different types of material | 
had been laid by the Barber-Greene machine and the conclusion had been 
reached that whereas materials up to about 3-inch gauge could be laid 


’ 
-! 


quite satisfactorily, above that size there were difficulties, and it seem 
very difficult to produce a really perfect surface in one layer with, say, 

top course material of 1}-inch-down-gauge tar macadam or with 24-inch- 
down mixed-gauge tar macadam. Whether that was the result of their 
own ignorance in the use of the machine or the ignorance of the suppliers of 
the tar macadam regarding the material, he did not know. It might be 
caused by some inherent defect in the machine—it had been suggested that 
segregation was caused by the action of the feeding screws; could the 
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| Authors give more information on that? It would also be interesting if 
‘the Road Research Laboratory could undertake some tests which would 
4 produce definite specifications for the larger gauges of material for use by 
§ the Barber-Greene machine. 

- Mr Lee referred to the question of working the machine below capacity. 
There were no supplies of stone within East Sussex ; the two main suppliers 
j were in Kent and West Sussex. The minimum haul from one was more 
} than 8 miles, and from the other more than 12 miles, so that the haul to a 
1 site in the middle of the county was at least 20 miles. Each of those firms 
§ manufactured different types of tar macadam, and since it would be unwise 
§ to mix the two together, attempt was made to get as much as possible from 
} one or other of the suppliers. The result had been that the maximum ever 
} obtained was just more than 200 tons in a day, and that was all that could 
be obtained unless the different types of material were combined, or more 
‘distant sources used. Could the Authors suggest a way out of that diffi- 
culty ? It seemed to him that the solution was for the suppliers to improve 
their output. Perhaps the right way to look at it was that the Barber- 
Greene machine produced a better running surface than it was possible 
_to obtain by hand, and did so more cheaply. 

_ **Mr H. E. Aldington said that the comparisons made by the 
“Authors between the results obtained by the use of mechanical plant in 
‘the U.S.A. and in Great Britain could be misleading, unless the quite 
| differing circumstances in each country were taken into account. The 
Authors did not give sufficient weight to that, and consequently appeared 
- to have reached the erroneous conclusion that British methods, mechanical 
plant design, and their efficiency lagged behind practice in the U.S.A. 
‘Comparison between British and American rates of work could be illumi- 
“nating only if that comparison were faithful, that is to say, direct comparison 
“of site conditions, scale of operations, over-all requirements of working 
and laying, initial moisture content of aggregates, and ambient tempera- 
| tures. ; 

' It was misleading to compare a nominal 10-tons-per-hour plant with a 
- 160-tons-per-hour plant of any make, because those plants were designed 
to satisfy entirely different requirements. If a demand existed in Great 
- Britain for 160-tons-per-hour plants for operation by 5 men they could be 
' supplied by British manufacturers. The 160-tons-per-hour plant referred 
+o in the Paper was probably a continuous mixer used on a large construc- 
tional work where there was a continuous demand for material over a long 
_ period. ' 

. American working conditions normally favoured high output, since large 
‘constructional works were undertaken on a seasonal basis and not all-the- 
ee as in Great Britain. Thus the average moisture content in 


‘British aggregates was higher, and ambient temperatures lower, and 
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+ *,* This contribution was submitted in writing. —Szo. 1.0.5. 
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therefore British stone dryers were rated more conservatively than thei 
American counterparts. Fuel economy, and consequently thermal 9 
ency, was also of much greater importance in Great Britain. 

The British surfacing-materials plant mentioned appeared to be a ered 
to British design if it produced 25 tons per hour against a nominal rating 
of 10 tons per hour. Few, if any, American plants would be capable « ° 
exceeding rated output by 150 per cent even in America and when us ix 
this country it would be unlikely that their rated output could be | 
tained if adherence to mix specifications were observed. t 

The mere reference to a labour force of 11 to 13 men to operate the 
British plant was incomprehensible without some clarification. Such « 
plant normally required 4 to 5 men for actual operation at 25 tons per hour: 

The British plant producing 25 tons per hour through a 1-ton mixer 
allowed 23 minutes batch cycle or a maximum mixing time of about 
minutes per batch, which is ample. The American plant producing 16( 
tons per hour through a 24-ton mixer allowed a batch cycle of 56 seconds 
and a maximum possible mixing time of about 30 seconds which, by 
normal standards for asphalt, was inadequate. American asphalt mixers 
were certainly not more efficient than British mixers, and the remarkab 


om 


variation between the two mixing cycles could only indicate that Britishi 
mix specifications placed quality before quantity. 24-ton mixers were now 
made in Great Britain and were rated at 60/70 tons per hour: that ratingg 
may be conservative, but it would seem quite impossible for any single¢ 
2}-ton batch mixer to produce 160 tons per hour as an average rate ofi 
working to a controlled specification, especially since the batch cycless 
quoted above were maximum and took no account of inevitable Plants or 
transport delays. 

There were 60/70-tons-per-hour batch-mixing plants in operation in 
Great Britain delivering material at the rate of 100 to 110 tons per man-day 
and working to a controlled specification. 


The Authors also compared the output per day foot the Barber-G s en 


pe 


The reason for that difference. surely was that owing to the present finance ial 
stringency, road maintenance work had to be carried out in “ penny 
numbers ”’ and there was no call for 1,000 tons of material to be laid in any 
one day, quite apart from the practical difficulty of dealing with th 2 
volume of material on narrow winding roads, carrying continuous streams 
of traffic. In the U.S.A. conditions were quite different. Great Britain 
had more vehicles per mile of road than any other country. 

It should be noted, however, that where there was adequate space, 
traffic difficulties, and the money was available to cover the cost of the 
work as in the case of the resurfacing of runways, it was not unusual for 
1,000 tons to be laid per day by means of a Barber-Greene surfacing 
machine in Great Britain. 


The Authors, in reply, said that Dr Glanville had asked wheth« 
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‘surfaces which had been heated and planed required to be resurfaced 
) within a short period of being so treated. It was considered that each 
| specific case required to be dealt with on its merits. Probably the two 


§ most important factors were :— 
a 


Re 


A (1) That the waterproof seal to the road had not been destroyed. 
i. (2) Any seal remaining was not oxidized by action of heat. 


Par 


Sit 


ie Surfaces which were originally of a “fatty ’” nature could possibly be 
§ retained for a longer period before resurfacing. The results of practical 
‘experience indicated that the effects of fairly severe weather conditions 
which prevailed during the winter period, and particularly wet conditions 
which extended over several months, necessitated the execution of re- 
surfacing within a few months of heating and planing treatment, other- 
wise delays were likely to produce deterioration in the surfacing and base. 
_ That tended to show that the possibility of leaving planed surfaces 
4 without further treatment was limited to the type of surface provided by 
dense asphalt more than 1} inch thick. Another feature which had to 
be watched was that a planed surface, being quite smooth, often tended 
to be slippery. 

It was necessary to use the term “ academic ” research because that 
"was what research had come to mean in Great Britain—the investigation 
| of scientific matters by scientists—and any other type of investigation 
| could be defined only by contrast. Reference to the dictionary would 
| show that the term “ research ” was of far wider connotation and included 
production and cost studies such as the Paper suggested. Research of 
that kind aimed at eliciting the magnitude, nature, and cause of delays 
_ or other impediments in the productive processes, or by studying how they 
_ might be facilitated, and by eliminating the causes of delay and establish- 
ing a proper integration between the parts of a process to attain the full 
potential output of which the process was capable. The attention which 
_ those matters received in Britain, outside the factory, in which they were 
| often well established, could only be described as casual, whereas their 
| importance in increasing productivity and reducing cost was fundamental. 
It could reside both in comparing the comparative value of different 
_ processes or in examining the efficiency of a single process and its con- 
 stituent factors. American output and efficiency were greater than 
British not because the stone was better or the bitumen was different but 
Pecause the Americans had given that attentive consideration to the 
_ economy of operations which the British had neglected.1 
a From the argument used in connexion with the cost of surfacing material 
_ it might be thought that good output and high quality were incompatible, 
Pout that argument did not appear to be borne out by fact. Everyone 
would agree with the desirability of maintaining a high standard of 


«1: EW. W. Richards, “ Production and Cost Studies in Highway Engixeering.” 
"Ras and Rd Conatr., vol. 30, p. 234 (Aug. 1952). 
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quality, thereby extending the life of the surfacing and reducing its annue 
cost, though it was a little difficult to believe that doubling the life of thi 
surfacing materials being laid today was a practicable matter except 1: 
those rare cases which might arise from slipshod manufacture. Thi 
argument of the Paper was that the production of road surfaces was . 
quantitative as well as a qualitative process and that there was room fo 
quantitative improvement after qualitative excellence had been obtained 
The surfaces being laid at high output and low cost in the United State¢ 
and Canada, as confirmed by Mr Hugh Jones, were of excellent qualitt 
and at least equal to those produced in Great Britain. However, ther 
was no doubt that the millenium with regard to the quality or quantity 
of surfacing materials had not yet been reached. 7 
The question of qualitative tests and desired characteristics and the 
tests developed in the United States of America was a very large ones 
It had been dealt with it in an article 2 by one of the Authors. : 
Dr Glanville had also queried the output capacity of the radio equips 
ment at 25 miles range, as mentioned by the Authors in relation to ihe 
Post Office recommendations. In that respect the following factors 
determined the range of the equipment :— 


(1) Topography of the area to ascertain how the horizon would clears 
(2) The geology of the area to determine the extent of ground 

conductivity of intervening terrain. | 
(3) The combined horizons of both stations in contact. The ra lio 
A 


horizon was slightly greater than the optical and was largelyy 
determined by the height of the aerials above surroundings 
obstructions. e ¢ 
(4) The signal/noise ratio of the signal received and the we | 
of the receivers. 
(5) The percentage of modulation of the carrier wave of the tran 
mitter. The power output, although important, was not the 
most important factor. In V.H.F. it had been found that 
there was little point in using more than 25 watts. 4 
4 


An approximate formula for range of radio equipment was :— 


Distance (miles) = 1-225 x vert. height of aerial No. 1 above MSL. 
+ 1-225 x vert. height of aerial No. 2 above MSL. 


The Post Office estimate of 15 miles radius was based on the use of 
pre-war equipment and average siting of aerials. . 
Mr Hugh Jones had appeared to infer that highway authorities, fo 
several reasons, had a limited capacity for carrying out work. That 
inference could not be generally accepted, and, in fact, he had mentioned 
one way in which capacity could be increased, namely, mechanization. 


* E. W. W. Richards, “ Bituminous Surfacing on Roads and Airfields by Mechan- 
ical Finisher.” Rds and Rd Constr., vol. 30, p. 196 (July, 1952). iy 
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There was little doubt that, given the money, highway authorities 
throughout the country could compete with very considerably extended 
# programmes ; for instance, in the West Riding of Yorkshire where mechani- 
# zation was fairly well advanced, but not complete, the productive part of 
| a £2,250,000 annual expenditure could be executed with comparative ease 
fin the first 6 months of the year, and that rate of progress could be speeded 
| up without any difficulty should the necessity arise. 

. It was always difficult to make more than a momentary comparison 
} between petrol- and diesel-engined equipment, since as soon as a large 
} enough number of users turned over to the cheaper equipment the Govern- 
| ment proceeded to redress the loss of revenue by increasing the tax on the 
i cheaper fuel. The present position was that the diesel-engined machine 
} was about £450 more expensive to buy but that the fuel economy per 8-hour 
day was of the order of 23s. so that the increased capital outlay was 
/ eventually recovered. 

| The figure of 8 feet given in the Paper had been supplied by the manu- 
4 facturers of the machines, Jack Olding and Company Limited. 

_ The Authors shared with Mr Mehew his regret that both their terms 
of reference and lack of space prevented dealing with retread processes, 
- particularly in view of his remark that the operation invited a fully 
“mechanized process. It was known that some very considerable success 
has attended the operation in various parts of the country, the work 
having been carried out on all classes of road, and not necessarily limited 
_to rural roads. However, as the point had been excluded from the main 
Paper it would seem inappropriate to quote typical examples, although 
the Authors were aware of many. 

: The question of removing considerable thicknesses of surface by heating 
and planing appeared to vary in degree of success directly with the texture 
of the material being planed. The finer the material, the easier it was to 
plane, the coarser materials being inclined to tear. From that it should 
not be construed that the removal of, say, a thick carpet was an easy 
operation. For instance, it had been found that the excessive heating 
required to remove a thick carpet had, in cases where the carpet or asphalt 
| had been laid on a tarmacadam base, affected the base to an extent whereby 
' sections of it were disturbed and lifted during planing. Whilst the planing 
~ machines themselves would do the work it was an intricate operation and 
best attempted in several passes of the planing machine, each with the 
requisite degree of heating. . 

It was agreed that the danger of reducing adhesion and subsequent 
surfacing left by planing was a serious one, because the surface was often 
both dry and slippery. The use of a tack coat in that connexion was 
: generally sufficient but again the Authors agreed that in places of severe 
: stress such as gradients or where braking or gear-changing occurred 
be egularly, or at bus stops, an additional precaution such as scouring of 
_ the old road surfaces was desirable. Further, weather conditions played 


em 
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an important part. Any moisture on the road at the time of laying #] 
new surface acted as a lubricant and encouraged slipping. Again, fi 
finer the texture of the surfacing material generally the greater was 1 
possibility of slipping. La 
They also agreed entirely that a surface dressing and chippings on : 
planed surface executed a year, or possibly 2 years before the final sw 
facing, was a desirable feature. However, time was the crucial factor iii 
that case and where the resurfacing had to be done in the same year as the 
heating and planing the Authors pointed out how those contiguous ae 
tions could be made entirely successful. e 
It was undoubtedly better to leave a time interval between the firs’ 
and second courses of two-coat surfacing. The finish obtained was better 
because the action of the finisher was incremental and successive passes 
smoothed out irregularities. Since considerable thicknesses may be 
involved in two-coat surfaces, the base benefited from being allowed tc 
settle down. 
Finisher operation was not a manual process and the handling ob 
quantities far larger than were customarily laid in Great Britain shouldd 
not impose any hardship on the men engaged in the work. All that ras) 
required was good organization and an understanding of how the machine 
operated. The finisher should then be left to get on with the job. Any~ 
thing required beyond that was a sign that there was something basica lyy 
wrong, and it should be tackled at the source. American practice in thes 
payment of bonuses was as variable as in Britain but it should not be¢ 
thought that any ad hoc inducement was necessarily required to enableé 
large quantities to be laid. The economic inducement existed elsewhere 
in the country’s pay and taxation system, and the handling of thosee 
tonnages was commonplace. The American laying gang ordinarily con- 
sisted of three men (including operators) though they sometimes added a 
fourth to guide trucks on to the finisher when the input was unusually large, 
The Authors felt that Mr Andrew had drawn an incorrect inference 
from Table 2 by considering it in isolation without reference to the supple 
mentary information given in Tables 3 and 4. If the effect of the first 
two items in Table 3 were excluded, for they were of random and ofter 
uncontrollable occurrence, the residual time was increased to 78 per cent 
of which 22 per cent total available time was consumed in minor delays 
leaving a net available working time (average) of 56 per cent. At th 
rate the average outputs ranged from 550 to 1,600 tons per day, whic 
was a usual daily working range, according to the thicknesses and type 
material being laid. It should be emphasized that the material was not 
being slapped down on airfields in great thicknesses but was being laid to 
high standards of quality and smoothness. noel 
There should preferably be a sufficient accumulation to ensure con- 
tinous laying, having regard to plant and finisher rates, haul distances, 
and number of supply units, etc. q 
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' The tendency referred to by Mr Andrew to consider long lengths of 
‘road instead of short isolated lengths was perhaps the most efficacious 
result of mechanization from every point of view. It was sometimes re- 
| ferred to as “ routed expenditure,” that is to say, dealing with everything 
J necessary on one route in continuous lengths. It undoubtedly increased 
i the safety value of the road, because the road user could expect similar 
} conditions, and was not confronted with unexpected hazards. It was 
} suggested that that approach to highway works was of paramount im- 
} portance and the most valuable single factor that could be introduced 
} into post-war highway works. 
The co-ordination of the users programme for materials was certainly 

a desirable feature. It did not seem impracticable and was worthy of 
} serious thought and probably of ultimate adoption. There was little doubt 
| that if that was done Mr Lyddon’s contention would be entirely proved. 
The Authors agreed with the point made by Mr Hayton that an auto- 
j matic pick-up was now incorporated in many heating and planing machines. 
That development had been introduced since the Paper was written and 
} was proving very valuable and economicalin use. The statements referred 
to by Mr Hayton and given on p. 687 were not really contradictory. 
| They led up to the conclusion that Mr Hayton himself had come to, of 
attempting the requisite amount of work ona length of road whereby 
"the full width could be finished during the same day—as Mr Hayton had 
| suggested for two-lane carriageways and suitable modifications in length 
for carriageways with more than two lanes. 

.. The edges of the laid material standing up under traffic was considerably 
_ assisted by the use of a straight-run bitumen. (That point was made as an 
incidental reply to Mr Hayton, and was not really within the scope of the 

Paper.) 
‘With reference to Mr Hayton’s remarks on a long roll, it was a matter 
of both length and depth, and of vehicular suspension characteristics. 
"Sway and bump were likewise subjective psychological phenomena. — The 
length of depression which could be corrected by the machine or operator 
had been defined in the Paper. Some work in the perceptive lengths of 
_ depressions had been done at the Road Research Laboratory, but it would 
_ probably be a long time before specific guidance could be given. — 
_.. The Authors felt that the best answer to preliminary irregularities was 
- the use of the heating and planing machine. The Barber-Greene could, of 
- course, be used for filling up major depressions. 
| With reference to Mr McCarthy Lee’s remarks on large-gauge material, 
one should not expect to produce a “ really perfect” surface with very- 
- large-gauge materials, but a very good surface could be produced in 1}-inch 
and 24-inch materials with proper methods, and the action of the feeding 
screws should be to reduce rather than cause segregation. 
Jt was probable that Mr Lee’s difficulties with regard to supplies of 
; materials from two different sources could be overcome by making use of 
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| 
his own specification for materials so that all the manufacturers had th 
same standard to work to. Certainly, so far as any base-course ma rig 
was concerned, any slight deviation from the specification would not unduly; 
matter and certainly would not show. With regard to the top courses, 
however, even the same specification might result in appearances not being 
uniform, owing to a difference in origin of the aggregate. Generally iti 
would seem that the answer to Mr Lee’s question was :— 7 
J 


(1) to produce his own specification ; and 7 
(2) to create the demand for the manufacture of materials in such 


a quantity so as to be economically worth while for th 
producers. 


In general, the Authors felt that Mr Aldington would agree that there 
could be no harm done in setting the targets high enough, but, dealing with! 
the specific points he had raised, the comparisons made were faithful so far 
as could be. The scale of operations was approximately correct, the only 
difference being that the Americans did in one day what the British accom- 
plished in a week. That was the point of efficiency that the Paper was 
intended to emphasize, and matters could and should be so organized 
that the same efficiency could be obtained in Britain. - 

With reference to the remarks that few American plants would be} 
capable of exceeding rated output by 150 per cent, the point the Authors : 
had been attempting to convey was not a comparison between the t 8 | 
of plant but that plant (and jobs) should be planned for high output and | 
economical operation. The figures given in connexion with the labour ' 
force applied to modern plants belonging to local authorities and well- 
known contractors. Where reference was made to the mixing times of ' 
material, the point the Paper had tried to make was that the present 
mix designs were not necessarily ideal and it might be necessary to design 
a mix to suit the capacity of the machines; to explore that line of | 
thought was at least desirable from every point of view. There seemed to _ 
be no reason why the Americans’ superiority should not be acknowledg 
otherwise progress in Britain might be stifled. Whilst it was, perha 
easy to say that because quantity was greater, quality was inevitably worse, 
the fact was that the quality was better also. Probably the only answer 
to the disbelieving was to say “ Go and see.” Mr Hugh Jones had con- 
firmed those points, and in the figures he quoted lay the answer. How 
did the Americans produce better materials, better laid at those rates for 
one-third of the cost in Britain? The men engaged were paid £20 to £40 
per week, That was what the Paper had been attempting to show. 

With regard to maintenance work being done in penny numbers at 
present, there were many road jobs of sufficient size in Great Britain 
which would take materials at the rate of 1,000 tons per day, but had 
that ever been done, or even attempted ? The argument of the Pape 
was that it could be done with proper equipment and organization. The 
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traffic conditions really called for more efficiency in organization, and 
| should not be taken as a reason for not meeting the deficiency. 

__ It was agreed that on runways such capacities had been achieved, 
| but it was suggested that if adequate space and traffic difficulties were 
accepted as a reason why the target should not be achieved on a road, 
then no progress would be made. After all, what happened to traffic and 
space during surface dressing operations with a pressure tanker ? An equal 
amount of plant was on the road and the areas covered per day would 
certainly be equal to that covered by 1,000 tons of resurfacing materials. 


" 


Correspondence 


) ODrA. RB. Lee observed that, although the Authors had given some 
4 interesting and useful advice on the operation of the Barber-Greene 
} Finisher, no mention had been made of the power-operated blade grader. 
| That type of machine was, as Mr Richards would know, the maid-of-all- 
} work to the American highway engineer. The towed blade grader had 
_ been used with great success in Great Britain by one commercial firm in 
} providing first-class level running surfaces, and Dr Lee thought that a 
- logical development would be the use of the power-operated machine for 
| carrying out the process at a faster speed. He understood that Mr Lovell 
himself was very keen on that machine, and felt that British engineers 
~ would like to know if there were reasons why it could not be used more 
- widely in Great Britain. 

: Dr Lee noted that only a brief reference had been made to the latest 
_ American Jaeger finishing machine, which was constructed so that the 
_ width of material spread could be varied without interrupting the progress 
of the machine. That machine would seem to have particular advantages 
- for use in Britain and he would like to know the Authors’ opinion of it. 
With reference to the section of the Paper dealing with Economics, 


he doubted if the figures quoted were rea 
Outputs in America varied probably to a much greater extent 


than they did in Britain, and the figures quoted were, in his opinion, only 


_ very large quantities of one particular mix. 
was the most recent large highway ¢ 

America, and the rate of progress on pelos 
| example for the upper limit for road construction. Dr Lee's solleague, 


al 
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. 
Mr D. B. Waters, B.Sc., A.M.I.C.E., had visited the work in 1951, ana 
had been given data which showed that on 6 consecutive days, each 4 
11 hours working time, 1,800 tons (American) of asphalt had been laid 
per day by two Barber-Greene machines. That was equivalent to 600 
tons (English) per day for an 8-hour working day for one machine (no 
allowing for any breaks for meals). The material had been laid in twe 
courses to a total thickness of 44 inches and had been delivered to 
machines in twenty trucks each holding 20 tons of asphalt. ' 
Although he agreed with the Authors that there was room for improve 
ment in the output of British asphalt and tarmacadam plants, Dr Lee di | 
not think the comparison (made on p. 20) with American plant was a faizi 
one. The British plant, with a 1-ton mixer, would have a normal output 
of 20 tons per hour of hot asphalt; a plant with a 2-ton mixer would 
normally have an output of 40 tons per hour. However, he thought iti 
should be possible to increase the output of present British plants without: 
having to make very serious modifications, provided that British engineers 
were prepared to use more power and more fuel and to use faster mixi ney 
speeds. If British and American plant of similar type were compared, iti 
would be found that American mixers were usually run at twice the s d 
of British mixers, and that American driers, by virtue of great tilting a ad: 
the use of larger flames and correspondingly greater fuel consumption, 

dealt with twice the throughput of English driers. With those modifi 
cations, therefore, British plants could be made to give the same output ass 
American plants having the same size mixers. | 
Increased rate of output, however, should be considered in relation to | 
the quality of the material, and Dr Lee’s impression was that American 
surfacings did not give the life of British surfacings. From data issued by / 
the Bureau of Public Roads, the average life of asphaltic concrete in 
America was about 15 years ; that life included the period of normal main: 
tenance, such as surface treatment, until the material was taken out o 
service as a surfacing. Rolled asphalt in Great Britain had an average 
life of about 20 years before any maintenance treatment was required. | 
It was interesting to note the three categories described on p- 680 for 
the degree of irregularity in the base to be surfaced by the Barber-Green 
machine. Dr Lee thought most engineers would themselves think in terms | 
of those categories ; the assistance they would expect from the Authors 
would be a yard-stick by which those categories should be defined. Would 
the Authors indicate the type of measurements the engineer should make 
and the limits by which he could define the three categories? f 
Another point on which Dr Lee had hoped the Authors would have 
given quantitative data was the limitation on the variation in temperature 
which could be permitted for satisfactory laying of rolled asphalt. The 
compositions of bituminous surfacing materials commonly used in Britain 
were clearly defined by appropriate British Standards, which also gave 
details of temperature of manufacture. It would be very helpful if the 
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Authors would indicate the temperature limits for laying the various 
pmaterials. Dr Lee referred in particular to tarmacadam (B.S. 802), 
{bitumen macadam (B.S. 1621), and rolled asphalt (B.S. 594) with its 
fourteen schedules. 
_. The latest compositions which had been agreed for the various British 
Beeodards for bituminous surfacing materials had been decided primarily 
Jin the light of the results of research and experience with materials of high 
{quality and durability, and experience had shown that they were capable 
of being easily laid with a Barber-Greene Finisher. Dr Lee was not clear 
jas to what further changes the Authors had in mind. It seemed to him 
ito be a wrong principle that the basic design of a surfacing material should 
the decided by the performance of an existing finishing machine. Also, it 
| was bad economics, as Dr Glanville had shown, for quality and durability 
| to be sacrificed to output. A surfacing should be designed to give the most 
durable non-skid life possible, although Dr Lee agreed, of course, that the 
} material, at the same time, should be one which could be laid by machine. 
_ Dr Lee thought that an engineer who had had no previous experience 
i with the Barber-Greene machine might be somewhat confused if he tried 
Ito decide, with the aid of Fig. 2, which of the thirty-three possible causes 
was the one that had produced a “ rough uneven surface.” 

The Authors, in reply to Dr Lee, remarked that he was perfectly 
‘correct in describing the power-operated blade grader as a “ maid-of-all- 
work,” and one of the Authors, Mr Lovell, had already two of those 
machines in operation, with a third on order, and he had found that he 
could keep those machines more than occupied. However, the reason for 
the omission of any reference to those machines in the Paper had been 
covered by the terms of reference set and explained in the opening part 
of the Paper, and a description of its use would have unfortunately fallen 
into the same category as the question raised by Mr Mehew on retread 
operations. The use of the power-operated blade grader could itself form 
‘the subject of a separate Paper. The Jager finisher was comparatively new 
and little experience in its use was available. It worked on the loose strike-. 
| off principle and was not always advantageous. It would have seemed 
a little ambitious to expect the operator to maintain a three-dimensional 
control, that was, up and down, and in and out. In any case, bleeding- 
out from the Barber-Greene Finisher rarely presented any real difficulty. 

With reference to the economics of daily large outputs, the under- 
lying principle of the Paper in that respect had been dealt with in the 
Author’s reply to the discussion. Whilst work could proceed through- 
out the year it should be organized so that it did. Surely it was better 
to complete the work during the fine summer weather. The tonnages 
“quoted had been quite general and included contract and municipal work. 
About 700 or 800 tons a day was normal and 1,200 tons had been laid. 
No continuous-mix plants were in use ; they were all of batch-type. 
Two machines were laying 2,500 American tons in an 8-hour day. The 
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surfacing was being laid at 30 feet per minute, 12 feet wide and 14 inch 
thick. That allowed ample time to lay 1,200 tons in an 8-hour day. Thi 
size of the truck seemed to be irrelevant so long as the finisher we 
properly fed. \, 
With reference to the speed of mixers and the tilting of drier-drums. 
the statement would appear to confirm the Authors’ contention that: 
material could be mixed more quickly and cheaply, and the obviou 
corollary was—why not make use of those modifications ? 0 
With reference to the life of materials, many factors entered into the: 
question. The crux of the situation was the cost per year of life. Tt 
was not always desirable to have a surface that would last too long 
particularly in industrial areas where the surfaces were being contin : 
broken up by Public Utility undertakings. The yard-stick to be used 
in measuring the economical aspect of the life of material needed ver 
careful thought and might well vary under different conditions. t 
The Authors felt that the yard-stick to be adopted for measuring the 
degree of irregularity in the base to be surfaced should be that the 
engineer should survey the base and make his preparatory plans accord- 
ingly, deciding how he could and would deal with each irregularity. Th 
method was described in the Paper. / 
With reference to temperature limits for laying various materials, to: 
deal adequately with that point would need far more space than was 
available. However, they felt that the correct approach was to speci 
a minimum temperature for delivery of materials, which was a normal | 
practice so far as the Authors were aware, and minimum and maximum 
mixing temperatures. The range at which the material could be laid w 1s 
automatically the difference between the delivery and the mixing tem- - 
peratures. Some typical minimum delivery temperatures had been . 
specified for the north of England as follows :— 


Tarmacadam Not less than 


Single and base course (82-34° O. E.V.T. tar) 15° 0. (60° F.) 
cre bs », (38-40° C. E.V.T. tar) 40° C. (104° F.) 

Bituminous macadam u oo terse wht 40%.0,(105°R) mm 

Bituminous carpet, medium texture . . 80° 0. (170°F.) (Straight-— 


Hot-rolled asphalt—delivery temperatures iW 
. between 120° ©, (250° F.) and 
150° C. (300° F.) 

The Authors agreed that an engineer with no previous experience might 
have difficulty in deciding which factor caused a bad job when using Fig. 2. 
That only showed what considerable care was necessary to produce a good 
surface with a Barber-Greene. 

The other points made by Dr Lee had been dealt with in the Authors’ 
replies to Mr Aldington’s contribution to the oral discussion. 
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Mr J. C. L. Trar, M.C., M.1.C.E., Chairman of the Division, 
in the Chair 


2 The following Paper was presented for discussion and, on the motion 
j of the Chairman, the thanks of the Division were accorded to the 
Author. 
ae Railway Paper No. 46 

‘¢ Factors Involved in the Renewal of Underline and 


Overline Bridges and their Influence on Design ”” 


& by 
| - Arthur Norman Butland, 0.B.E., B.A., B.Sc.(Eng.), A.M.LC.E. 


SYNOPSIS 


Bridge work on the Western Region is carried out by the District Engineer. Super- 
' structures of steel or concrete are designed by the Civil Engineer’s Bridge Assistant 
and abutments by the Assistant Engineer (New Works) or the District Engineer. 
Renewal of superstructures often results in increase of accommodation and so, in turn,’ 
| the building of new abutments is called for in timbered trenches spanned. by waybeams. 
_ Superstructures, are erected, complete or piecemeal, by crane, by rolling-in, or by 
_@ combination of these methods, and a design reducing erection to as few crane-lifts 
as possible is desirable for economy of erection and for minimum occupation of the 
line. In this respect, railway facilities in cranes and wagons are of great Hay 
Such work cannot be undertaken without careful and detailed planning be orehand 
and the erection scheme should be carefully considered before the final drawings are 
' completed. The co-operation and therefore the careful briefing of all Departments 
-eoncerned is needed before the work can commence. 
It is hoped that standardization and extension of the use of pre-stressed concrete 
superstructures will increase the output of bridge work and help to overtake arrears 


ith the minimum use of steel. 


e INTRODUCTION 

| Ir was the wish of the Railway Engineering Divisional Board that the Paper 
on this subject should be by a District Engineer and the Author has, 
therefore, attempted to give below some account of the organization of 
ridge renewals from the background of the Bristol District of the Western 
Region. 
' Shortage of steel and of staff for the design and execution of bridge 
| work, both during and since the Second World War, has resulted m the 
‘annual renewal during those periods of a smaller number of bridges than 


the years between the two wars. Consequently, the current pool of 


experience in such work is less than before the recent war and inevitably 


j 
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the work to be undertaken annually will increase as these arrears are over 
taken. From both of these view-points it is hoped that this Paper will bo 
of interest and it is well to state at once that large bridges are not here 
considered. 


GENERAL PROCEDURE—WESTERN REGION ’ 


Proposals for renewal must arise as a result of examination, and this: 
is carried out by the staff of the District Engineer. On the Westerr 
Region each District has a Bridge Inspector, who carries out for the Distriet 
Engineer the inspection and the repair and renewal work necessary | 
culverts, bridges, viaducts, tunnels, and retaining walls. q 

The Bridge Inspector discusses weekly with his Bridge Examiners their 
written reports whilst the details are fresh in their minds and he visits al 
sites which appear to need early attention and reports upon all major: 
defects to the District Engineer who then makes his own examination. | 
The first aim is always to avoid renewal. Thus, to give ready examples, 
arches in which the rings are separating because of an old movement a: 
lack of header courses between successive rings can often be repaired from: 
underneath by the use of a shield of bent rail ribs and laggings, or by 
hanging laggings, as in tunnel repair work (see Fig. 1 *), the loose ring being 
cut out and replaced by new work, block-bonded to the inner rings. sted 
structures can also have their life extended by the judicious use of bolt 
or welded patch plates which may necessitate partial relief of the load by 
jacking, if the dead load is a considerable proportion of the total load. | 
Usually, before reaching a final decision upon the complete renewal of a! 
brick, masonry, or concrete structure, tell-tales are watched for a year or 
two to check whether the cause of the defect is still active. 

The Author thinks that District Engineers will generally agree tha 
smoke plates are needed for all structures that have steel (or concrete th 
may develop hair cracks) exposed to engine blast, and that it is a gre: 
economy in design to provide an additional initial thickness of steel at tho: 
points of a steel structure where corrosion may be the final criterion f 
reconstruction, as in the bottom flanges and webs of plate girders spanning 
the tracks. ae 

If the District Engineer considers reconstruction is necessary he list; 
the structure in his annual proposals, and if a steel or concrete super- 
structure is involved, the Bridge Assistant is asked for a corrosion surve’ b 
and the appropriate calculation of present capacity. The proposal is 
finally considered by the Civil Engineer during his annual Budget 
Inspection. sal 

Once renewal is decided upon, the Civil Engineer investigates the need 
for additional accommodation. If the bridge carries or spans a pub ic 
road, the decision to reconstruct is notified to the appropriate highway 
authority so that an agreement can be concluded to cover any desirable 


* All illustrations may be found between pp. 734 and 735: 
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J increase in road width, head-room, or carrying capacity, or any improve- 
‘ment in road alignment. If the bridge is an occupation or accommodation 
‘work, the need to re-produce it is checked, as severance of ownership 
may have occurred. Similarly, the Chief Regional Officer is asked if 
provision should be made for additional tracks. Thus it is ensured that 
‘the new design fulfils the requirements of all users, and the decision to 
| renew the superstructure may result in the provision of a new substructure 
| also, on a new alignment. 
The design of steel and concrete superstructures and trestles is carried 
i out by the Bridge Assistant, based upon surveys made by his survey staff. 
| Substructural work is designed either by the Assistant Engineer (New 
} Works) or by the District Engineer ; in either case a site investigation can 
} be had from the Soil Mechanics Section which is under the Assistant 
| Engineer (New Works). At an early stage, the District Engineer makes his 
j comments upon the erection and future maintenance of the proposed 
structure and later he estimates for the work which he is to carry out. He 
| also prepares the erection scheme. 
} The first aim is always to carry out the work by Railway Executive 
‘staff, and to illustrate the present facilities, the Bridge Inspector of the 
Bristol District has at present a Sub-Inspector, a Foreman, and an attached 
“New Works Inspector. He has fifty-one tradesmen and sixty mates and 
‘labourers. Assistance in a small proportion of bridge and tunnel work is 
‘also given by men supplied by the Direct Labour Organization working 
under District Supervision. 
Plant operators are drawn from the Plant Inspector as required and 
plant such as compressors, concrete mixers, and portable generators with 
their lighting equipment and small tools are drawn from the District pool. 
One utility van and one 3-ton lorry are allocated to bridge work and other 
road transport is hired as required. The District has one 10-ton travelling 
steam crane for bridge and permanent way work and other crane power is 
‘borrowed as required and as available from adjoining Districts and from 
the Mechanical and Electrical Engineer and the Motive Power 
- Superintendent. 
‘The expenditure in 1950 and 1951 was as shown in Table 1. 


TABLE 1,.—EXPENDITURE IN 1950 AND 1951 
ee ln ae 
7 1950 1951 
P eee — 


_ Bridge renewals . £13,186. £17,505 


Tunnel relining and repairs seed a ns £13,727 £27,599 

Repairs to bridges and culve eee £16,379 £14,993 

SEO LA WD 1 eeabaie me lls ls ete Ee £2,217 £2,840 

Repairs under block votes . - - a ese: 

Day-to-day maintenance. - aes £18,283 £17,185 
eee ee 

Bae ee Totals. . .| £63,792 £85,768 
erie 
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The work carried out included the reconstruction of five bridges in 195 
and five in 1951, and major repairs to nineteen bridges in 1950, and twent, 
five in 1951. ; 

Excluding retaining walls, the structures to be maintained by this sta: 
comprise forty tunnels (for total lengths, see Table 2), twenty-three t 


shafts, and nearly fifteen hundred bridges (see Table 3). ¢ 
; 

TABLE 2.—TOTAL LENGTHS OF TUNNELS MAINTAINED 4 

2 

° 
Single-line tunnels . . . . . 7,366 lineal yds. a 

Double-line tunnels. . . . . 22,456 lineal yds. rT 

Total =... | 29,822 lineal yds. 2 

% 

TABLE 3.—NUMBERS OF BRIDGES MAINTAINED t 


- 
* 


> ed 


Underline 
Metallic, timber, or R.C.* 
Brick or masonry ¢ 


Overline 
Metallic, timber, or R.C.* 
Brick or masonry 5 


Outside the Line 
Metallic, timber, or R.C.* 
Brick or masonry f 


Footbridges 


Viaducts 
(5 spans or more.) 
Metallic, timber, or R.C.* 


10, totalling 6,480 ft 
Brick or masonry f . . sf 


34,  ,, 11,916 ft 


* Wholly or in part. 
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Tur RENEWAL OF ABUTMENTS AND WINGS 


_ For all mass abutments the Author considers that brick-faced concrete 
} gives a pleasing result, is very simple in construction, and is, in consequence, 
| cheaper than shuttered concrete. The Western Region practice is to build 
four courses of 18-inch work, followed by three courses of 14-inch work and 
then five courses of 9-inch work, this succession being repeated as the wall 
tises. An ample key to the concrete backing is thus obtained and this 
$-foot 3-inch lift is capable of taking the pressure of the wet concrete 
} behind it. 
| Where skew quoins occur, delay can arise in obtaining the necessary 
} squint bricks, if the whole work is to be brick-faced, but this delay is 
‘readily overcome by building block quoins of concrete, three courses deep, 


~ 


either in pre-cast or mass concrete and these, in appearance, relieve the 
‘mass of brickwork and blend with the concrete bedcourses, copings, string 
courses, and pilaster caps. 
_ The simplest case of abutment renewal is the building of an entirely new 
j wall behind the existing abutment and clear of it. 
| Before the start of the sub-structural work the least width of trench to 
give a reasonable working room must be decided and its timbering should 
be designed. The net width over foundation can be adopted as the mini- 
| mum, but will involve working overhand by bricklayers, if the facing 
" described above is used. The choice of width may be influenced by the 


a 


size of crane skip or the width of decauville wagon to be used for the 
_ removal of the excavation and the handling of the new materials, and if the 
increase in span is small, it often pays to extend the trench to the back of 
the existing wall rather than leave an intervening dumpling. 

_ Amethod of trench timbering which the Author has found very effective 
| is illustrated in Figs 2, 3, and 4, and is known, at least in the West, as the 
| “piling frame.” It is an excellent method where the ground and weather 
' are such that a run may occur from an open face. It avoids the hurried 
"use of temporary frames. By giving a batter to the poling boards it is 
possible to increase the trench depth to any amount without setting-in for 
~ subsequent frames and the poling boards can be driven into the ground 
ahead of the excavation, so that no loss of ground occurs in cutting the 
trench. This keeps the load on the timbering to the minimum and also 
ensures that the settlement of the temporary beams carrying the tracks 
~ over the trench will be as small as possible. The length of poling board, 
and so the vertical spacing of frames, should be related to the anticipated 
- daily lift of brickwork and/or concrete, which in turn 1s governed by the 
| design of the facing. The frames can then be withdrawn as the work 
e proceeds, so that at most only the back poling boards will be left in position, 
Bi The walings adjacent to the facework are strutted from “ soldiers ” on the 
new work. All the timber, except occasionally the struts, can be ent from 


serviceable sleepers. 


“ 
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Having settled the trench timbering, the beams to span the trenchl 
must be selected. Since the trench work will be carried out under a tem+| 
porary restriction of speed, which the Author considers should be 5 op 
10 miles per hour, dependent upon site conditions, it is reasonable to check! 
the strength of available beams for British Stress Committee A, B, and Cf 
loading at 3 revolutions per second, the additional speed thus allowing for 
any roughness of top that may develop. The beams bear on sleeper sills at 
each end, and a fair estimate of effective span is “ clear span + one-thirdi 
way inside each set of sills.” A 

The sills themselves should be close-laid, and on a clay bank it is ant 
advantage to have a second layer of timber, cut from sleepers, laid at right; 
angles to the first layer and bedded on an inch or so of dry cement. Thee 
pit thus dug for the sills should have good drainage grips because the¢ 
pounding of traffic in wet weather can produce a rapid breakdown of thes 
clay. Ifthe beams can be carried upon the back of the existing abutment, | 
timbering is reduced and better running obtains. Although over a wide: 
trench the front sill can be placed close to the back of the trench timbering, . 
it is an advantage to keep it 2 or 3 feet farther back. 

For quite narrow trenches, clusters of serviceable rails can be used under t 
the sleepers and timber beams are commonly used for small spans, but such | 
timber must nowadays be subject to careful inspection, even if it can be} 
obtained. The Author favours the use of steel beams under cross-sleeper : 
road, with slow folding wedges between the joists and the underside of the} 
sleepers, thus allowing top to be maintained nicely. Small settlements of 
the sills are taken up by the folding wedges under the sleepers, and when | 
and if these approach their limit of travel the beams themselves are packed | 
up on the sills and the wedges are again adjusted. This temporary struc: : 
ture, the Author suggests, may prove to be capable of design in pre-stressed 
concrete, in a form to allow a couple of inches of ballast under the sleeper 
and a somewhat higher temporary restriction of speed. 

The constructional depth of the new structure should be considered | 
in choosing the beams, for if the constructional depth of the new work is 
greater than that of the temporary work, the new bedstones can be seb 
under traffic during the building of the new wall. In limiting cases, an 
inch or so of additional thickness on the new bearings, coupled perhaps — 
with a slight and temporary increase in rail level when the beams are placed, 
will allow this early setting of bedstones to be done. ; 


be taken up by packing on the sills, and the top that can be maintained is 


occupation of line for laying the temporary beams, sufficient trench excavs 4 
tion is done to permit the fixing of the top two frames of timbering and the 
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j first run of poling boards. This is particularly desirable if the sills are hard 
} against the timbering. . 
| Somewhat different problems arise when the new face-line of the abut- 
j ment runs through the thickness of the existing abutment. Here a 
: thickening behind the old wall is the first stage to be carried out, and after 
this has been completed the old facework is cut out, with additional pockets 
for block bonding of the new skin then to be added. The amount of 
thickening to be given behind the wall is governed not only by the increase 
in span but more often by the working room required, and the choice 
‘between a uniform thickening and the provision of counterforts behind the 
- wall must, in turn, depend upon the thickness and condition of the panel, 
| that would remain between the counterforts. The greatest economy is 
} generally achieved by the construction of counterforts clear of the 4-foot 
" way, since their excavation often permits the use of lacing rails instead of 
_ temporary beams and the size required for design purposes normally gives 
sufficient working room. 
All such thickening work should be well bonded to the back of the 
existing wall and the Author believes that thorough cleaning of the back 
_ before concreting, the drawing of occasional stones or bricks on the back, 
_ and the use of short lengths of rail or reinforcing steel set in compo in the 
~ old work and concreted in the new, are justified, together with a bed-course 
of reinforced concrete covering old and new work. 
If the abutment is being renewed entirely, because of its poor condition 
as determined by windows cut through. the face, another type of problem 
is encountered. It is then generally expedient to take down the full 
_ height of the wall in short lengths, timbering with boards tucked behind 
and spanning between the undisturbed work. If the old wall is in ex- 
_ tremely bad condition, timber soldiers may also be needed, supported by 
raking struts. Work of this nature calls for temporary trestling under 


| the superstructure. 
RENEWAL OF SUPERSTRUCTURES OF UNDERBRIDGES 


there are four methods of erection from which the final plan 
and these are considered below :— 


es 


| __ Broadly, 
_ of operations can be chosen, 
_ (1) Erection Complete by Crane ; 
3 > as used here refers to the erection by one lift 
of the new superstructure to carry one 
at this is the ideal to be aimed at, since the 
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be similarly handled within the limits of the load gauge and practicabl) 
encroachments upon it. : 

Simple steel deck spans, up to about 45 feet span, lend themselves web 
to the method and the designer does well to consider how such a structura 
will sit upon a “ special wagon ” for despatch accordingly to site. Elaboc 
rate falsework or cradling should be avoided, since the permanent bracing 
between the girders should be ample to permit such a bridge to be liftec 
by a pair of “ brothers ” or twin-legged slings attached directly to lif bing 
cleats bolted to the top flange of the girders. For comfort, the tension ix 
such bolts should be lifted to 4 tons per square inch on the area at the b ott 
tom of the thread and the erectors must be supervised when using spanners 
to “hand tightness” only on these bolts. The outstanding web of the 
lifting bracket should be set to the approximate line of the sling, say, 
60 degrees. 

The Author used this method at Cardiff a few years before the war for ad 
through bridge. Queen Street, the main road between Cardiff and New~ 
port, had two pavements and a carriageway with two lines of tramways andi 
was spanned by a series of cast-iron arch ribs with cast-iron lattice spandrilsé 
and timber decking. The tramway transmission lines were attached to thet 
underside of the structure which carried one track and part of a single: 
connexion. A plate-girder span ran alongside this cast-iron bridge. 

The cast-iron portion was to be replaced by a through span with cross- 
girders, rail bearers, and plated floor, with the main girders non-para 
in plan. It was erected on timberwork at high level, at a height to allo 
riveting of the floor. Two lifting brackets, about 5 feet apart, were } 
attached to each of the end cross-girders. A rather tedious but careful | 
calculation was made of the position of the centre of gravity on two axes | 
and the proper position for the lifting brackets and the load to be carried | 
by each crane were determined. The bridge was carried by two 36-to1 
breakdown cranes and travelled satisfactorily with no falsework : the main . 
girder connexion to the cross-girder, under a cranked main-girder stiffene: 
gave sufficient fixity for safety, and the reversed stress and deflexion in the 
end cross-girders was not excessive. 


Possession of the roadway was not possible until after the passing of 
the last tram at about midnight and by 7.0 a.m. the new bridge was on its 
bearings with only the end bays of plating, over the footpaths, to complete. 
Each of the cast-iron ribs was lifted out complete with its spandril anc 
dumped alongside for burning into wagon size. Interference with roac 


traffic and cost to the railway undertaking were thus kept to 
minimum. 


reduction of weight, and lifting stresses and the provision of lifting h 
are not a difficult problem. . 
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1 (2) Erection Piecemeal by Crane 

_ This method is naturally slower than (1) but is capable of very general 
j application. As in (1) the greatest economy will be obtained if the steel- 
j work, pre-cast concrete, bedstones, etc., are sent direct from the maker’s 
yards or the Executive’s depots to the site, loaded in a pre-determined 
order so that the desired sequence is followed automatically in unloading. 
Before the war this was general practice but the shortage of steel and delay 
‘in its fabrication, together with the present heavy programming of output 
from pre-cast concrete depots, make such co-ordination of supply difficult 
and, especially with heavy concrete work, a considerable expense can be 
‘added to the method by engine and crane power if the material has to be 
off-loaded at site, or even more so, in a District Depot. 

It should be remembered that the piecemeal method involves leaving 
‘possibly quite big girders standing alone on the abutments whilst other 
‘lifts are made over them. They should, therefore, always be secured to 
‘avoid the unfortunate results of an accidental hit. The simplest way of 
doing this is often to lash through a rivet hole to an adjoining girder, 
‘using scaffold lashings, or to fix two timber rakers at each end, bearing into 
the top main angle and against a footblock, which can often be a short rail 
set in the abutment beforehand for that purpose. 

Ample interest has been taken for many years in the detailing of bridge- 
work to permit the easy swinging into position of floor members and in the 

provision of room to make connexions, but the Author thinks that every 
effort should now be made to reduce the number of pieces. For speedy 
erection, under occupation of line, it is fair to say that anything heavier 
than one cwt ought to be lifted by crane. This means that only one, 
or at most two, such pieces can be handled at once. The Author’s depart- 
ment has recently erected a through-span underbridge (span 40 feet 
centre to centre of bearings) with pre-cast jack arches between pre-cast 
skew-backs on steel cross-girders. Hach bay between cross-girders entailed 
four lifts by the crane for the jack arches; yet the final floor should be 
stiff enough to allow the use of a full length jack arch, needing only one lift. 
If it is feared that cross-girder deflexion would crack a long jack arch, its 
depth is such that a quite light reinforcing bar near the springing should 
“remove the grounds for anxiety. Although this particular bridge “‘ came 
in” very nicely, there were 336 separate pieces to erect or fix in the double 
line, excluding parapets. Delivery to site required twenty-two wagons, 
including four special shock-absorbing wagons, whilst the old superstruc- 
ture left the site in two wagons. (See Figs 5 and 6.) 
__. The bigger spans demanding lattice girders present an interesting pro- 
 pblem for erection. The top and bottom booms and the web members 


2 


arrive at site separately and the girders must be built with considerable 
care to ensure fair holes and line and to give them their proper unladen 
camber. This building is often done on a falsework over the final span, 
© but if the complete girder is within the capacity of two breakdown cranes 
= . 


z 
4g 
2 
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propped on their extension girders, it is preferable to build on an adjoining 
site within reach of the cranes and to take the girders to their final site on 
Pollen wagons, as an out-of-gauge load, for lifting into position by crane. . 
Not only does this facilitate accurate erection, but a good deal of expense } 
in falsework is saved. 4 
The North Acton-Ruislip line, the major structural portion of which: 
was completed at the outbreak of the 1939-45 war, crossed the West ; 
Ealing loop at a considerable skew, calling for two steel bridges, known iS 5 
“Bridge ‘A’” and “ Bridge ‘B’.” (See Figs 7-11.) Bridge “A” ' 
was a single span, its longest girder being 151 feet 3 inches long be n . 
centres of bearings and 12 feet 1 inch deep, and weighing 68 tons; bee i 
“B” had two spans, the girders being 135 feet 64 inches long between . 
centres of bearings and 14 feet 6 inches deep, and weighing 62} tons each, 
These girders were built alongside a siding about } mile from their final 
site and were lifted by crane on to Pollen wagons. (Despite their height, 
they were secured only by chains at each end to short timber baulks across 
the wagons.) They were then taken over track having 2 inches of cant 
and through a crossover road. Pending the erection of sufficient cross- 
girders and outriggers to ensure their stability, the single girders, after 
landing, were held by 12-inch-by-12-inch baulks from their top booms 
posts bolted to the abutment, fixed by a contractor’s light crane or from 
one bridge to the other. For the final landing of one end of a main 
girder of Bridge “ B,” this end was lowered on to greased skids and just 
kept on the crane while the other end was fully carried by the second 
crane. In that way the girder was effectively steadied and its weight — 
partly taken by a crane through a distance a few feet outside the liftir g 
radius for a clear lift. The four main girders of Bridge “B,” with | 
sufficient floor to stabilize them, were erected in 8 hours. 
The nearby bridge over the Greenford Canal had main girders which 
were 147 feet long between centres of bearings and weighed 128 tons each.’ 
They were, therefore, beyond the capacity of available crane power and — 
had to be built in situ on temporary bridging involving piling. (See 
Fig. 12.) 
The choice of crane power for piecemeal erection. of bridgework is — 
worth some thought. Heavy main girders demand the 45-ton or 36-ton 
breakdown cranes, whose maximum lifts are slow. An improvement in — 
the speed of setting the extension girders and their jacks is desirable on — 
future cranes, since the “ dressing ” of a crane may eat seriously into « 
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OLDFIELD LANE—AFTER ROLLING-IN 
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(3) Rolling-out the Old Structure and Rolling-in the New 

This method is often chosen when the total length of any one possession 
of the line is of paramount importance and when the temporary restriction 
of speed must be removed very quickly, but three possessions are needed 
altogether—one to land the new steelwork on trestling outside the bridge, 
one for rolling out the old work and rolling-in the new, and a third for 
loading the old work on to wagon after stripping preparatory to loading. 
The essential condition is that the site shall offer a clear width on one side 
of the old structure, sufficient for the new bridge, and on the other side 
sufficient for the old bridge when rolled-out clear of the new bridge. 

__ A curve in the alignment of road or river under the bridge and near 
to it may make the temporary work complicated and therefore expensive, 
and although a gradient on the roadway underneath may decrease the size 
of trestles needed, it may also mean closing the road once there is a structure 
spanning the trestles. 

It must be remembered that the work involved in erecting the bridge 
on its temporary trestles is the same as a similar permanent erection in 
method (2) above, but any concreting or waterproofing needed after 
erection of the main framework of the bridge can be carried out without 
disturbance to traffic, without overtime rates, and with due care; but 
although the track need only be broken once, the total cost of the method 
is on the high side because of the temporary work needed. 

_ The temporary trestles should cover the whole length of movement, 
both to avoid the delay involved by abutment work and because it is 
essential to ensure a really good alignment on each rolling rail and that the 
rolling rails are parallel to each other—a condition worth checking by 
eodolite. 

The usual rolling path is formed on each trestle top by a good service- 
able rail (free from cripples and laid on its flat). After the check for align- 
ment, the rail should be spiked to the timber supporting it. The girders 
then sit on short lengths of rail which ride on 2}-inch-diameter steel balls, 
running in the web of the continuous rail and fed from front to back of the 
carriage as the rolling progresses. Hand winches suffice for power and the 
travel on a well laid track is so easy that a preventer of cordage block and 
tackle is desirable with secure stops to prevent over-travel. 

Before the day of the rolling-in, the new structure should be adjusted 
‘on its carriages so that it is exactly parallel to its final alignment and, 
following that, the roller path is marked out at 6-inch intervals generally 
and in inches for the last foot or so. 

_ Provision should be made beforehand for jacks to lift the structure and 
remove the carriages and then to lower-out on to the final bearings, and the 
height of roller path must be set so that it is below the new work when thus 
lowered-out. It is advisable to have traversing jacks available to deal 
e. any final adjustment of alignment, and jacking brackets fixed befo om 
hand to the girder ends save time. Save-alis should not be omitted. 


a 
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? 
Nowadays trestles are built of the standard steel trestling remaining fro 
A.R.P. stocks and similar to the war-time standard military trestlin: 
This is easy to handle, has good bracings, and is entirely recoverabl) 
Although it can be manhandled, a light mobile crane on the roadwa 
below facilitates the work greatly, particularly in moving sections from 
roadside dump when the road is still open to traffic. 6 
When a concrete underbridge is to be rolled into position at a site wher 
occupation is short, the Author considers that valuable time could be saves 
in erection by limiting work on the abutment to a clearing away to a give 
level, such as the underside of the old bedstones, and casting the new strua 

ture with monolithic bearing blocks to sit at that bed level. J 


(4) Combination of (1), (2), and (3) + 
It is usual in such a choice to roll-in the new work and so gain the benefif 
of easy completion of the waterproofing, etc. It is very useful in dealing 
with reconstruction of a multiple-span bridge where, for operating reasons 
one or more lines must be kept open to traffic. 
An interesting example of rolling-in only occurred at Greenford du 
the North Acton—Ruislip quadrupling. An arch span of 30 feet cai 
the up and down mains and platform lines over the public road at Oldfiel 
Lane and was to be replaced by a steel bridge of 45-foot span with a new 
abutment at the western end. The demolition of the arch and the rolling 
in of the new superstructure for three tracks (the up and down mains a nd 
the up platform line) were programmed as stage 1, in which all traffic would 
run on the down platform line. The steelwork for the three lines was 
erected complete with waterproofing on trestles to the north of the bridge 
when the new western wall was nearing completion. y 
At the same time, at the eastern end, a trench, 6 feet wide and spanne 
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set, and the rolling-in track on this side was laid over the new work. 
The first and second stages of demolition were separated for safety by 2 
longitudinal cut through the arch made in trench during traffic and ai 
temporary timber spandrel was fixed to the portion of arch forming the : 
second stage of demolition. (See Figs 13 and 14.) 
During the main demolition, to avoid under-cutting the rolling-in | 
track, a clean cut was made through the arch and its backing at the face | 
of the eastern abutment by two Siskol cutters, and this cut was maintained | 
about 6 feet in advance of the breaking-up work which was carried out by | 
stripping the concrete with jack hammers, drilling holes through the arch | 
at about 3-foot centres, inserting plugs and feathers, and driving home the 
plugs with jack hammers. ach of the Siskol cutters maintained a1 


average rate of 2 hours per square yard of cut and the time required t 
drill five rings of brickwork was 2 minutes, 
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i Demolition for Stage 2 was very similar to Stage 1 but two cranes were 
used to deal with the last main girder and the floor steel, by piecemeal 
erection. 

3 The following times may be of interest :— 


Stage 1 
Saturday, April 22nd. 
h 2.00 p.m. Possession of up and down main lines taken. 
: Removal of track and temporary beams begun. 
2.45 p.m. Started removing filling over arch. 
410 p.m. Started drilling the arch. 
10.30 p.m. Possession of platform line taken. 


Sunday, April 23rd. 
7.34 a.m. Arch demolition completed. 
7.45 a.m. Rolling-in commenced. 
12.10 p.m. Superstructure jacked down and rolling track removed. 
10.00 p.m. Ballast walls completed. 


Monday, April 24th. 
12.50 a.m. Normal traffic working resumed. 
5.30 p.m. Roadway under bridge opened to vehicular traffic. 


‘Stage 2 
Saturday, May 6th. 
9.30 p.m. Possession taken of down platform line. 
10.00 p.m. Commenced removal of filling over arch. 
10.45 p.m. Temporary beams removed. 
11.00 p.m. Commenced drilling on arch. 


Sunday, May Tth. 
12,07 a.m. Siskol machine commenced. 
3.35 a.m. Demolition of arch complete. 
3.50 a.m. Possession of down main taken. 
9.25 a.m. All steelwork erected and riveting under 4-foot way 
commenced. 


Tae PROBLEM OF THE CENTRE GIRDER 


In dealing with the reconstruction of a double-line through bridge 
‘with centre girder, there is always the problem of a temporary slew if 
traffic will not permit the whole job to be finished in one weekend. If new 
‘and old bearings are at different levels, the problem is further and sometimes 
“needlessly complicated. If the condition of the existing centre bedstones 
“permits their re-use, this is the greatest help the designer can give to the 
4 
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man at site, but every effort should be made to obtain sufficient time fi 
the whole job to be carried out in one stage if the request to the Opera in) 
Department is a reasonable one. Using the piecemeal method, the secon 
and third main girders must be landed in temporary positions on the abut 


ments before the second half of the old structure is removed. ; 


4 
Sincie-Line BripGEes } 


When single-line bridges are quite small, so that one crane from on 
end can handle the greatest lift, no special problem arises. If two crane 
are needed, room must be found on the piers or abutments to receive #l 
two new main girders outside the existing bridge before it is taken do w 
and the old main girders must be similarly placed outside the new wor 
before they can be loaded on wagon. i 

If the structure to be dealt with is a large one involving a number 
spans, special measures are justified—as in the provision of an erectio’ 
wagon for the approach spans of the Royal Albert Bridge, Saltash. 
Here the main girder spans ranged from 70 to 90 feet, and at the Corniss 
end an average time of 4 hours occupation of line was achieved for thi 
renewal of two main girders. 


OVERBRIDGES 


Overline bridges present few problems different from those mentionec 
above for underline bridges. If the superstructure carries railway ovex 
railway, the main girders can be handled from below in smaller radia 
than from above, but the flooring members are reached more easily k 
cranes on the high level. 

Where a road bridge crosses the railway, it is often difficult for the cra ne. 
despite a swan-neck jib, to place cross-girders because of fouling of the jibl 
on the main girder, and it is then helpful, after landing the main girde mn 
remote from the side from which the crane is working, to place a temporary} 
beam across the lines a little above the level at which the cross girders si 
and inside the final position of the second main girder, and then to land the 
floor so that one end is on the main girder and the other on the temporary 
beam. The second main girder can then be placed by crane to receive 
the outstanding floor and so be landed on its bearings. Folding wedges 
enable the temporary beam to be dropped clear. 


RENEWAL OF TRESTLES 

Three-span bridges carrying roadways over the line, where in cuttir 2. 
form quite a high percentage of overline bridges in the Western Region, 
+ H. D. Smith, “ Reconstruction of Liskeard Viaduct and Scheme for Reconstructi 01 


of the Approach Spans of the Royal Albert Bridge, Saltash.” Min. Proc. LCE, 
vol. 230 (1929-30, Pt. 2), p. 100. b -— 


RENEWAL OF UNDERLINE AND OVERLINE BRIDGES 739 


and the design of the new work frequently employs pre-cast concrete 
trestles which are quick in erection. When a new trestle foundation is 
to be provided, the possession required can be reduced further by varying 
the “ci so that the new foundation can be included in the preliminary 
work. 

_ Similar attention to erection is needed in trestles under the line. The 
Author has in mind a single-line bridge over a canal now due for renewal. 
The new design shortens the spans and remedies badly moving abutments. 
It includes a new reinforced-concrete trestle on piles in the waterway, 
and here an inexpensive lengthening of the trestle cap will enable the main 
girders to be handled without expensive falsework. 


PREPARATION OF THE ERECTION PROGRAMME 


___ The erection scheme for the superstructure is prepared by the District 
‘Engineer and his staff. A steel-tape survey is made by an assistant, 
‘showing the abutments at bearing level, existing girder bearings, bedstones, 
‘running rails, and such temporary beams as will still be in place during 
the reconstruction. This should preferably be plotted at a scale of 
4inch =1 foot. Where the track is straight, the new superstructure and 
bearings can be drawn on this plan. If the track is curved, it is advisable 
to draw the new work on an overlay and then prick through in the best 
‘position. Thus any discrepancies in the original survey work are found 
‘and account is taken of any error in abutment line or slewing of track since 
the first survey was made for design purposes, which may have been some 
years previously. It is also seen clearly whether any temporary work will 
foul the new work or hamper crane working. . 

During the making of this survey at site, much other information is 
collected and the following points should always be covered :— 


(1) The maximum amount of preliminary work that can be carried 
out either without occupation of line or in a special small 
occupation. Both removal of old work and erection of new 

* must be considered in this. Thus an unusually great depth 
meri of ballast, tarmac, or concrete may justify substitution of 
timber packings. Long temporary beams may be replaced 
by short ones spanning only from the new wall to the back 
of the existing bridge, and during this possession some of the 
new abutment work may be carried out. rgd 

_. (2) The nearest position to the face of the abutment that the leading 
= axle of a crane can take and the closure rails needed for that. 
(8) Whether obstacles exist to the free wor ing of the crane jib or 

il 


| (4) How the crane can be watered. Pumping from a stream or 
_ provision of a tender may save sending the crane away to 
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water at a busy stage in the work and into a heavily lade¢ 
traffic section. 
(5) The height of lift for overline bridges. ; 
(6) Whether holding-down bolts hamper the free removal of the oli 
~ work. A 
(7) Whether the site lends itself to rolling-in. The survey can bi 
extended for this when the method is settled. : 
(8) Whether the existing bedstones can be re-used or the new one¢ 
be fixed before the reconstruction. : 
(9) Whether the final waterproofing and abutment work is likely t 
need a subsequent occupation, and if so, what temporary wo ve 
quick in removal, will be needed to carry the track over the 
new deck and the trench at the abutment. 
(10) The order of erection and loading of material. 
(11) Whether room exists without staging to take a concrete mixer! 
portable generators for lighting, a compressor, or other needed 
plant. 


Before finally choosing the method, the Service Time Table is studie 
to see what occupation of lines can reasonably be expected and whethe: 
diversion of freight trains or the running of buses will be involved. hiss 
aspect of the work calls for a broad outlook from the Engineer, for if theg 
most economic method from the engineering point of view causes avoidable¢ 
traffic expenditure, disturbance of the travelling public, and delay t 
freights, the overall result may be extravagant. Working in stages or1 
spending money on temporary works may then be well justified. The final! 
plan and its repercussions upon traffic should be agreed early between 
District Engineer and the District Operating Superintendent so that the 
promised facilities can be known to those planning excursions and other: 
additions to the booked service which so often whittle down anticipated | 
margins. The date must also avoid nearby re-laying and be suited to) 
availability of crane power and special wagons. 4 

The final detailed programme involves the appreciation by all concerned | 
of every little operation in the work and the noting of those that can pro- : 
ceed concurrently. The time and labour required are thus known and the 
Operating Department can be given the required train arrangements for | 
cranes and materials, the formation of the trains, and the necessary shunt- 
ing. A meeting at site of representatives of all departments concerned 


by direct measuremént at site or by plotting on the survey, and these at . 
marked out on the ground beforehand and any necessary packing timber 
is provided for the extension girders of the crane before the work starts. 
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BEARINGS AND BEDSTONES 


_ When a girder has a flat bearing plate sitting directly upon its bedstone, 
‘its landing is a speedy operation and the stone can be set with sufficient 
accuracy by plotting on the survey and steel-taping its edges from the 
‘quoin or the edge of an existing girder. Thus the mason can be given 
beforehand two nails to mark his stone position and one nail 2 feet or so 
below his finished level. The new stone can be marked in paint on scribed 
ines to indicate the bearing plate, and the setting of the girder can be 
quickly checked by a string line between pegs set beforehand. 

- When, however, the new bearing plate is a small one, resting on a 
bedplate with dowels or holding-down bolts, the setting of the stones must 
"be triangulated by steel tape during their setting which will ensure accuracy 
to within half an inch. This interval for checking tends to reduce the 
tempo of the work and the Author suggests that the bearing plate directly 
on the bedstone is sufficient for spans up to, say, 60 feet. He has never. 
known corrosion of the bottom flange at the abutment to be the criterion 
_ for a reconstruction. 

The designer can be most helpful to the man at site by re-using existing 
| bedstones wherever their position in plan and their condition permit. 
If the stone is too low, a packing of the needed height is called for at the 
_ new bearing plate, and if the stone is too high, the new steelwork can be 
detailed to bear at a level above its general line of bottom flange. The 
shop work thus involved is much less expensive than the renewal of bed- 
"stones capable of indefinite further life. 


Pre-cast CoNCRETE WoRK 


The general run of pre-cast concrete work is pleasing to handle at site 
put, particularly in underline bridges, the Author thinks that designs 


should aim at producing structures requiring as few lifts as possible, so 


that erection may be speedy and full benefit can be obtained from the 


capacity of cranes and special wagons. 
It should also be remembered that timber shuttering cannot be main- 


- tained to a perfect plane and, consequently, room must always be allowed 
- for the “ growth ” of pre-cast structures where large planes are in imperfect 
contact. This is apt to give trouble, particularly in designs where the 
- form of an earlier type of construction—timber, or steel—is reproduced 
in concrete. This question of warp and creep will also need the most 
 eareful attention in bridges where post-tensioning is to be applied, and the 
_ Author thinks that standardization of design, so far as it is ever applicable 
- to bridgework, will produce the final solution, for repetition will justify 
the use of steel or other metal shuttering of rigid construction and, by 
Il help in the overtaking of arrears. 


increasing speed of depot output, wi 
j 0 The period required for the full completion of a structure can be greatly 


sa 
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increased because of quite small quantities of in-situ concrete needed in th 
. ° 3 
surface to which waterproofing is to be added, since the standard two-coa’ 
membrane system of waterproofing cannot be laid successfully upon we 
or even green concrete. A revision of deck design, an alternative wate 
proofing system, or an additional membrane laid between the waterproofin, 
and green concrete appears, therefore, desirable. 


oe =. 
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Discussion 


The Author introduced the Paper with the aid of a series of lantern: 
slides. 


“man in the office ” should appreciate the difficulties of the “ man on the 
job.” The Paper was extraordinarily useful, particularly for younger men 
who had not been able to get practical experience. 
The Railway Division had stipulated that a District Engineer should | 
present the Paper, and although Mr Butland was now Assistant Regional | 
Engineer of the North Eastern Region, it was known that he had had long © 
practical experience as a District Engineer ; the Paper would be of use 
for many years. | 
Mr M. A. Henry said that the Paper was particularly interesting O 
him since it dealt with the practice on the Western Region. In addition, | 
he had had the pleasure of being associated with the Author in 1938 a: nd 
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had been adopted. It was an original Brunel viaduct and the old wing, as 
well as the whole of the viaduct, had been built to very slight dimensions. 
The existing masonry had been re-used, the balance being made up by the 
purchase of similar stones from a nearby quarry. The old wall had been 
bulging to a versine of about 18 inches in its length, and had been very 
weak indeed when the remedial works were taken in hand. The work had 
involved all the problems associated with similar jobs of that nature and 
had had to be carried out in short lengths. That had necessitated some 
heavy trench timbering and also the provision of substantial raking struts 
to ensure stability of the old wing. Carrying beams had been provided 
‘under the adjoining track while the work was in progress. The height of 
the wall was approximately 35 feet, and the result was a wing entirely in 
Keeping with the character of the original structure. 

_ Mr Henry referred to several cases which illustrated methods employed 
‘on the Neath District. The question of suitable and available crane power 
always had to be one of the primary considerations in bridge erection. 
‘The method of rolling-out the old and rolling-in the new structure was not 
‘new, but although it was in favour at present, experience had shown that 
| there was no saving in costs, but rather the reverse. 

On the Neath District it had been formerly the general practice to carry 
out the work piecemeal, and in many cases frequent occupations of running 
ines were involved. The perfect waterproofing of a bridge deck was 
-never carried out without difficulties and in some cases the work was not 
entirely satisfactory. In the rolling-in method there was usually ample 
time and opportunity to carry out that important feature in a first-class 
! manner and that, in his view, was one of the main points of advantage in 
the methods . 

_ The design of bridges as now carried out at headquarters took full 
account of subsequent maintenance, a feature which had never been fully 
appreciated in the past. A bridge at Sarnau, about 4 miles west of Car- 
‘marthen, carried the South Wales main line over the London-Fishguard 
trunk road, A. 40. The old bridge, a three-girder structure with trough 
. flooring, was strengthened by relieving girders, but the ironwork had been 
deteriorating rapidly and reconstruction had become urgent. The new 
bridge was also a three-girder structure with a floor of cross-beams with 
pre-cast permanent shuttering and in-situ concrete filling, waterproofed by 
‘the standard method. The rolling-in method had been adopted, two roller 
‘ paths being used, supported on military steel trestling. Two 2-ton-capacity 
“winches were used for hauling the bridge on the roller paths and six 100-ton- 
: capacity hydraulic traversing jacks were used to lower the new bridge on 
its bearings. The roller paths and. carriages were fabricated by the Neath 
_bridgemen. : ¥ 
‘4 ‘the carriages had consisted of two 8-foot-by-6-foot BS beams linked by 


steel plates, 21 inches by 3 inch, welded to the top and bottom flanges. 
On the underside plate two lengths of rail, bent at each end, were welded. 
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to form the inverted roller path, and on the top plate two pairs of ang} 
cleats were welded to enable the grooved timber seating blocks to ] 
secured to the carriage by coach screws. : 
Owing to the volume of main-line traffic and the design of the old ar 
the new structures, it had been necessary to carry out the erection in on 
operation. The occupation of both lines for 12 hours had been arrangee 
commencing on the down line at 5.20 a.m. and on the up lines at 7.20 a.n 
Rolling-out of the old structure had occupied 23 minutes, and the pulling-- 
of the new had taken 90 minutes, the latter operation being completed ¢ 
11.15 a.m. Three men were employed on each winch; the carriage 
travelled on 3-inch-diameter steel balls, and the work had proceede: 
smoothly throughout. : 
The sequence of operations was: removal of track; jack-up oll 
structure and place carriages under ; roll-out old structure; roll-in ne 
structure ; withdraw carriages; jack down; fix on bearings ; reinstat 
track. The work had been completed in 10 hours, with a speed restriction 
in operation,the bedstones having been set in position on a previous Sunday 
The whole of the steelwork, except the main girders, was encased in cont 
crete, which should eliminate some future maintenance. The bridge hac 
a skew span of 50 feet, the angle of skew being 46 degrees, and the nay 
structure weighed about 220 tons. $ 
Mr Henry expressed a preference for leaving the underside of cross 
girders exposed, to enable any leakage or other defect to be more easil 
observed by the bridge examiner. 
A bridge over the River Taf on the Pembroke and Tenby branch line 
had been dealt with in very much the same way. In that case the under 
side of the cross girders was left exposed, thereby enabling the bridge ta 
be maintained with the minimum of inconvenience. A train had been u 
over the new bridge 3} hours after occupation. ‘Hi 
The Author had mentioned a very important point on p. 741 under thee 
heading, “‘ Bearings and Bedstones.” The precise and exact positioning 0: 
dowelled bed plates in a rolling-in job very often meant the differences 
between success and failure. These refinements for spans of up to 60 feett 
could, in his view, be eliminated with advantage. hall 
Mr Henry then showed a number of slides illustrating bridges at 
Sarnau, Whitland, and Margam. — © 
Mr J. §. Campbell observed that the Author had said that the pre-- 
paration for every bridge reconstruction must be carried out in a al, , 
detailed, and pre-planned manner right from the matter of surveying down | 
to the detailed erection scheme. He agreed that it was the best way in| 
which a scheme could be translated into fact, since the various factors | 
bridge building—from design to erection—had a reflexion in some forn 
or other on the type of design produced. Difficulties experienced in th 
erection of certain structures should be noted for consideration in subse 
quent designs of a similar nature. | 
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_ He had had experience in outside industry, as well as on the railways, 
and he had always found it the best arrangement for the bridge office to 
be responsible for the whole of the bridge work. There was a great danger, 
found very clearly in outside industry, of people getting into “ watertight 
compartments.” He felt that the best job could be produced when the 
bridge office was completely responsible for the whole of the work— 
abutments, superstructure, and erection. So many difficulties arose in 
the erection of bridges that, if the designer were not acquainted with them, 
they would be repeated because he would have no cognizance of them. 
Mr Campbell knew that co-operation did exist—the Author had shown 
clearly that it existed in the Region in which he had once served. 
~ On the question of the design and building of bridges, the maintenance 
aspect was, in Mr Campbells’ opinion, all-important. He thought that 
‘most bridge engineers would agree that it was not good policy to have open 
steelwork bridges, especially for railway purposes. Even if they were used 
in branch lines there was a serious difficulty because usually the places were 
‘difficult of access and it was not desirable to take maintenance gangs or 
‘painters along there very often. He suggested that one of the most im- 
‘portant points to be borne in mind was that excessive maintenance costs 
‘should be avoided. ~ 
ee The Author had suggested that there were certain difficulties in setting 
the superstructure of a bridge on to the abutments where the bedplate 
had to be bolted. He admitted that difficulty, but suggested that it was 
Essential to do it even on small bridges. If a small span was allowed to 
‘float, the full impact on a very rigid structure would cause deterioration 
at the ends of the superstructure which might well lead to serious diffi- 
culties in the future. 
__ Mention had been made of the rolling-in method of bridge erection. He 
agreed that that was the best method, even where it involved extra cost. 
“He had carried out a survey of about 200 bridges with a view to listing 
nom in sections to show the effect of approximately 10 years of life on 
‘the condition of the deck. They were divided into sections—those that 
“had been rolled-in and those constructed on the track. It was remarkable 
that the record showed that there was very little cracking in the decks of 
_the rolled-in bridges except on severe-skew spans. He would say that 
_ wherever practicable and where the joists were encased in concrete then 
the bridge should be rolled-in. ! 
si On the question of the level of the bedstones, there might well be an 
argument between the man responsible for the abutments and the man 
responsible for the superstructure. If in the design stage the ends of 
girders were cut to accommodate the level of existing bedstones, that 
might lead to serious difficulties. For instance, if the bedstone was 2 feet 
‘too high that might mean a square-cut corner in the girder, and he felt 
‘that that was a matter for the bridge office to decide. The girder was made 
‘in the shop and it was probably easier to handle than the bedstone on the 
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site. If it was cut, there was the possibility, as had been proved by tas: 


of serious previously unknown developments occurring upon applicatic 


of the load. - 


He called attention to the type of design discussed when Mr J. £ 


Robertson had given a commentary on a film (shown at the Institutiog 
before a joint meeting of the Railway Engineering and Works Constructiod 
Division) illustrating the replacement of the Scottish bridges after floog 
damage. The bridge deck had been a clean-cut type of structure, wit' 
welded main girders braced together. He thought the Author would hayy 
been delighted to handle the erection of jobs of that type. It was 
type which he thought ought to become popular from the points of view 
of both the designer and the erector. It should also become populaz 
because it was a good job from the maintenance aspect. All those factor: 
were seriously considered and, up to the present, none of the promises 
which the designer laid down had had to be withdrawn. ; . 
He joined with the Author in hoping that there would be e 
standardization of bridges to make it easier for the man on the job whe 
had to erect them. There were in existence standards of underline bridges 
from 10 feet to 46 feet span in reinforced concrete—they were, in fe ot 
used throughout British Railways. The adoption of pre-stressed cone ote 
instead of reinforced-concrete slabs would effect a saving in constructiona. 
depth. The average type of bridge could be made today of the standa nck 
welded type of girders, outer and centre, together with the pre-s essed 
concrete deck, and these bridge components had been given considera ion 
in relation to erection and all the other difficulties which the bridge buildem 
had to face. =] 
The difficulties which traffic imposed upon the railway bridge engineer! 


were being overcome very skilfully. He felt that the practical man w: sg 


able to prevent the “‘ man in the office ” from developing a narrow outlook: 
particularly where methods of construction were concerned, and conclud ed 
by quoting from the Press: ‘‘ We bridge engineers must keep our mind in 
harmonious accord with the changing circumstances and events as they 
are affected by modern engineering.” fy 
Mr P. 8. A. Berridge said that after spending 20 years on an Indian. 
railway where total occupations for bridge reconstruction never exceed 
3} hours, he was curious to know why total occupations for similar work 
in Great Britain were so very much longer. He put forward the following 
explanations and exhibited several lantern slides. First, on the North 
Western Railway (India) bedstones were cast in situ, generally before the 
renewal of the superstructure, and a “dead-stop and 5-miles-an-hour ” 
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restriction was enforced for 4 or 5 weeks, On the Great Western Railway, 


on the other hand, bedstones were pre-cast and were often set in position 


during the same occupation in which the new span was erected. 1 hat 
prolonged the occupation, but reduced the time duri which the speed 


restriction had to remain in force. a 
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Secondly, the Indian railway was equipped with cranes specially built 
r bridge work. Fig. 15 (facing p. 750) showed a 25-ton bridge-erecting 
erane. There were two of these cranes on the North Western Railway 
and they could lift and travel with 12 tons at a radius of 47 feet 3 inches 
—sufficient to enable a 40-foot span to be placed in position ahead of the 
buffers. By changing the jib for one 82 feet long, one of these cranes 
could be used to pile ahead of a 40-foot opening while the other crane 
with the standard jib could place the girders in position. Fug. 16 (facing 
p. 750) showed one of these cranes fitted with an 82-foot jib. On British 
Railways, the bridge erectors had to make do with breakdown cranes 
which were comparatively slow and cumbersome, and had not nearly such 
a good reach. After making due allowance for the gauge on Indian rail- 
ways being 5 feet 6 inches he was nevertheless convinced that cranes of 
a similar capacity could be designed for bridge erection on the narrower 
track of British Railways where they would fill a pressing need. ; 
In India, bridge decks were never waterproofed, whereas in Great 
Britain nearly all spans were waterproofed—a process which was costly 
in time and money and often involved an extra Sunday occupation. Also, 
in India train services were generally the same every day of the week and 
‘the workmen received no extra pay for Sunday work. 
The Author had rightly called for a reduction in the number of crane 
lifts, but Mr Berridge would go further and eliminate all site riveting and 
posing during erection. It was with this object in view that the pre- 
fabricated primary- and secondary-unit deck had been evolved for through- 
| type spans. Figs 17 and 18 showed the erection of such a deck. After 
setting the main girders in their final positions on the bedstones, the 
primary units were landed on shear plates on the tapering face of tee-shape 
stiffeners and the cross girders were secured to those stiffeners with high- 
tensile-steel bolts. The secondary units dropped in between the primary 
units upon which they rested. The arrangement did, however, involve 
three separate lifts for the secondary units in the width of the deck and 
although assembly was quicker than in the case of the jack-arch deck, he 
agreed with the Author that it would be preferable to eliminate the use 
of small units in the deck. A development of the primary- and secondary- 
unit deck for through-type spans was the pre-cast pre-stressed concrete 
unit deck, illustrated in Figs 19. That further reduced the number of 
lifts and had the added advantage that the pre-stressed concrete did not 
have to be waterproofed all over. But because of the need for a high degree 
of accuracy in the fitting of the concrete units to the main girders, that 
_ type of deck was introducing a further complication in the contract for the 
_ supply of the bridge. The pre-cast pre-stressed concrete units had to be 
- included in the contract for the supply of the fabricated steelwork in order 
that the whole span could be assembled in the makers’ works before 
7 acceptance. : 
i The Author had referred to the difficulty of siting bedplates accurately 
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onthe bedstones. Stepped bearings were obviously an improvement on the 
old flat plate bearings which used to “work ” on the stones. The difficulty 
was overcome by temporarily welding the bedplates to the bearing slabs 
‘with small angle cleats before erection. In that way, the bedplates landed 
‘with the main girders and locating them was as simple as it had been with 
‘the flat bearings. The angle cleats were knocked off afterwards to free the 
bearings. 

| Recent deck-type bridge designs were such that the pair of main girders 
“were braced together before erection and the decking consisted of pre-cast 
-reinforced-concrete well-deck units which were landed on a layer of concrete 
“secured to and pre-cast on the top flanges of the main girders beforehand. 


Fig. 21 
Site work required for removal of existing superstructure, Total occupation (Sunday only) 
~ renewal of bedstones, erection of new span, waterproofing Work on bridge between trains ... 
and re-laying ballasted permanent way Work on bridge independent of trains .. a 
Speed restricthOr cnn nneninnentnannnasurnnrensic — 


Weeks and Sundays 
Method of erection \ 2 3 4 5 6 7 8 Go 16 
Piecemeal vo | EIA 
| Asem? ee 


bE Type of decking 


_ {Steel cross-girders, 
| stringers,and steel-plate 
decking 


Removal of old span 
piecemeal and rolling-in 
new span 


Steel cross-girders, 
stringers,and steel-plate 
decking 


Removal of old span 
| piecemeal and rolling-in 
new span 


Steel joists at 2’-8" ctrs 
and cast-in-situ concrete 


Piecemeal. 
Existing decking removed 
and tracks carried on 

24’x 74" B.S.Bs and trestling 


Piecemeal. 
Existing decking removed 
and tracks carried on ; 
24"x 74" B.S.Bs and trestling 


] (a) Primary and secondary 
deck units or 

_ |(b) Pre-stressed concrete 
deck units 


~ | Cross-girders and 
| pre-cast concrete 
-| jack arches 
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OccUPATIONS AND SPEED RESTRICTIONS FOR THE RECONSTRUCTION OF A 
rs DovsiE-TRACK 3-GIRDER 40-FOOT Turovucu-Typr SPAN 


Holes were provided in the well-deck units, fitting over bolts attached to 
the main girders and protruding through the layer of concrete; the bolts 
acted as dowels and were subsequently grouted-in to hold the deck in 
position. The layer of concrete on the girder flanges was cast in short 
lengths with spaces between in order to avoid any likelihood of the con- 
 erete shearing off the flanges. Fig. 20 showed the erection of well-deck 


units. 
Fig, 21 had. been taken from a Paper presented before the International 


- Association for Bridge and Structural Engineering. It showed the extent 
of the total occupations and speed restrictions likely to be required. for 
_ yarious forms of construction and different erection schemes for a three- 
_ girder 40-foot double-track through-type span. The number of occupations 
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and the length of time that speed restrictions had to be enforced varie 
according to site conditions. The cost of slowing-down and acceleratini 
trains on a main line was not easy to assess in money, but the effect of ‘f 
prolonged speed restriction could be to send up the fuel bill very conside | 
ably, to say nothing of the inconvenience to the Operating Superintendem 
if trains were not timed as fast as the available motive power permi 
Piecemeal erection of a steel-decked span (the top one in the diagram) me aI 
a speed restriction extending for more than 44 weeks. Rolling-in the sami 
span cut the speed restriction to 24 weeks and that would be further reducee 
to 2 days or even less if the old span were rolled-out as well. The fourth 
and fifth examples—the latest designs to which Mr Berridge had referred— 
would also require very short periods of speed restriction if the old and new 
spans were rolled-out and rolled-in respectively. And that method of erec- 
tion would also reduce the number of Sunday occupations to teen fo 
erecting the trestling, one for erecting the new span, and one for rolling-outt 
and rolling-in and removing the old girderwork and the trestling. | 
On p. 732 of the Paper, the Author had referred to the need for care tox 
avoid over-tightening the bolts securing lifting cleats to the top flanges of: 
the girders. Those bolts would be in direct tension and, unless overloaded,| 
the stresses in them during lifting would not be affected by the initial, 
tightening. | 
Mr W. E. Smith said that on the North Eastern Region, the same: 
authority was responsible for the design and erection of bridges. The: 
Bridge Office prepared the design of sub- and superstructures, the contract | 
documents, and supplied the supervisory staff. 
It was often possible to design identical bridges on more than one: 
district and include them in the same contract. He referred to a current ; 
case of two bridges, the spans of which were identical, about 40 miles 
apart. They had been let as one contract which would be supervised by ° 
one man, who would make all the arrangements with the traffic people, | 
the highway and other authorities, and the District Engineers. 
The Author had referred to brick-faced and concrete abutments « od 
wing walls. The practice in the North Eastern Region had been to pro- | 
vide courses with a lift of 2 feet 2 inches. The same type of construction — 
had been used with a masonry face where, perhaps, they had been requested 
to do so by a County Council who were making a contribution towards the 
cost of the job. Mr Smith thought that the idea of the concrete-block — 
skews was original—it was sometimes difficult to get skew bricks from the 
brickworks, ie ott 
With regard to the provision of a new abutment, it was advisable to 
position it, if possible, behind the existing abutment and clear. Temporary 
superstructures carrying a track did not need to take any load in excess of 
“A” loading—that was 20 units at 3 revolutions per second—since the — 
maximum loading for any type of engine was less than 18 units. There 
would probably be a speed restriction of about 15 miles an hour, so there — 
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was a certain margin to work on. If the old abutment would take the 
__ extra span, then advantage should be taken of that to take the temporary 
_ beams over the new abutment. 
~ A rail-carrying gadget was in use which would span rather more than 
- 6 feet and that allowed easy access to any work on abutments directly 
below. In longer spans, joists with cross-ties were used or, alternatively, 
pairs of joists with welded half-joists acting as crossbeams, supporting 
_ longitudinal timbers. They were available in units of various lengths and 
' were found to be very useful. He had not met a case of a new abutment 
running through an existing one ; in the event of major repairs to existing 
_ abutments, there should also be a substantial trestle in front of the 
_ structure. 
With reference to the renewal of underbridges, Mr Smith said that in 

_ one case on the main line, a bridge of 43 feet span had been fabricated 
- about 2 miles from the site ; it had been transported on a wagon and put 
_ in position within an hour and a half of arrival. The job had involved 
_ rather careful gauging, there being only about 4 inch to spare on either 
"side through various bridges. The old bridge had been taken out, the new 
- one brought in, and the job completed within 12 hours. 
: A similar job nearby on a three-track bridge of about the same span 

had been brought in in units of 11 feet 2 inches width. It had been 
previously waterproofed except for a patch about 6 inches wide along the 
riveting line in the “ sixfoots.”” The job, on electrified track, had been 
completed inside 24 hours. 
Gq In the case of a skew bridge, it was often easy to get the main girders 
| _ in with a 15-ton crane. It had been found that the breakdown cranes were 
very slow, and he would not recommend their use unless there were no 
alternative. If it was a three-girder bridge, it was possible to utilize one 
j track, off-load the new girders, and then return to clear off the old sections 
and put in the new bridge. It had been estimated that that type of opera- 
tion could be done in about 24 hours. 
4 For rolling-in he would not recommend the use of timber trestles. 
_ Experience had been that when the timber was wet, it warped and sagged, 

and it was most difficult to get the bridge moving. 
_ Mr Smith went on to describe another example where two bridges, 
each of about 80 feet span, were being rolled-in within } mile of one 
another. It had been intended to carry out both operations simultaneously 
but after being delayed for about 3 hours by an air raid, trouble was 
_ experienced with one of them. The roller paths were supposed to be high- 
tensile steel with the usual balls. Halfway through the procedure it was 
found that a stretch of mild steel had been inserted and the balls had cut 
into it. Fortunately, a crane was alongside. The girders were eased up, 
_ the balls removed, and a section of high-tensile steel from the bridge that 
had already rolled-in was inserted. The job was finished an hour and a 


half ahead of time. 
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With regard to single-line viaducts, there had been a rather interesting) 
example over the River Eden. The viaduct consisted of 70-foot spans and 
sidings were available about 4 miles away from the bridge. The first con-. 
sideration had been to make sure that the crane rope was of sufficient 
length and that the crane could be watered and fuelled. A period imme- 
diately after a full moon in June was selected, and although certain con- 
tractors had estimated 4 days, the engineers had completed it in 3 days. 
Utilizing all the hours of daylight, the new steel girders were first off-loaded 
(by means of two 15-ton steam cranes) on to timber cribs in the river bed 
—the water being relatively low. 4 

After stripping the track, the old wrought-iron girders of the first span | 
were off-loaded on to the river bed, the new girders erected, and the track : 
made good. The cranes then moved forward, and the operation me 
for successive spans. On completion of the work, the old girders were : 
recovered and loaded on to wagons. The point was that at 8 o’clock | 
on the third night it had started raining heavily in the Pennines, and during 
the night the river rose by approximately 5 feet. If the contractor’s time 

table of 4 days had been accepted, the girders would have been under 
water. q 
The Author had mentioned the trouble of erecting cross-girders between — 
main girders. That trouble could be dealt with either by erecting a runway 
on the main girders and dropping the cross girders in between, or by pro- 
viding longitudinal girders with jack-arching between them. ti 
It might be found that four or five bridges of a similar type existed on 
the same branch line. There was no reason why, by careful arrangement, 
even up to four bridges could not be erected on one Sunday with two cranes. — 
That had been tried on the Carlisle Branch. The bridges were about 
? mile apart, and there had just been room to have the train marshalled 
between each pair of bridges and for the crane to work clear. The four — 
bridges had been completed in a matter of 24 hours. >| 
Mr C. W. King said that on p. 727 the Author had referred to the action 
which had been taken to ensure that the new design fulfilled the require 
ments of all users. Mr King could not see any specific mention of the action 
that was necessary to ensure co-operation between the bridge engineer and 
the permanent-way engineer to make certain that any necessary improve- 
ment in alignment or in getting a greater ballast depth were brought — 
about. It was possible that on the Western Region those needs did not iu 
arise, but in some regions it was a point which it was most necessary to 
keep in mind. = 
Referring to the direct labour organization (mentioned on p. 727), he 
said that a similar organization existed on the London Midland Region, 
and he wondered whether that was an inheritance from the transfer of the 
regional territory. The point was of some interest inasmuch as the Western _ 
Region organization provided for a self-contained district set-up, whereas 
in the London Midland Region the District Engineers were not fully 
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_ equipped to carry out all the bridge work. For that reason, on the London 


Midland Region the direct-labour organization under the jurisdiction of the 


- Resident Engineers was a very useful adjunct. 


He was rather disappointed that more had not been said in the Paper 


_ regarding the design of temporary works to enable traffic to run at higher 


speeds than 5, 10, or 15 miles an hour. On a line where the normal speed 


- was 70 or 80 miles an hour, it was very bad from the operating point of 


- view to have to come down to those low speeds, and from a departmental 


point of view it was often a severe sacrifice of opportunity to carry out 
- ze-laying or other works to have such speed restrictions during the time 


_ that a bridge reconstruction was in operation. 


A lot of thought had been given to that problem on his region recently. 


; In at least two cases speeds of up to 40 miles an hour had been possible. It 
_ depended very largely on what could be done to improve the temporary 
- bearings of way beams. He thought that the problem of the stifiness of 


the way beams had been overcome. During the 1939-1945 war a number 


_ of bridges had been put up in a hurry—and some were still in existence— 


without any severe speed restrictions. That was because of the stiffening 
which had been put into the way beams. Those bridges were, generally 
speaking, on the old abutments. The difficulty arose when the way beams 


had to be put on to a clay foundation. There the soil mechanics people 


| 


Author kmow of any way in which a further development could be intro- 
duced 2 As a member of the Regional Suggestions Committee Mr King 
was always hopeful that someone would suggest how temporary bridges 
could be constructed while maintaining train speeds at 40 or 50 miles per 
hour. 

Reference had been made to the organization for the design and con- 


_ should devise some treatment similar to formation strengthening. Did the 


struction of bridge work. From experience he felt that it was very danger- 


ous to generalize on any subject. The availability of labour and the 


_ accessibility of the site to headquarters were factors to he taken into con- 
sideration. But in his view, the real solution was for the head office to 


” 


was a very long interval between the painting. Out of 1,500 bridges 
_ probably 600 or 700 were of metal, and if painted every 7 years, the 
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~ he must be responsible for the safety of the line and that it was far better 
_ that the erection should be in his hands. 


produce standard drawings and for the District Engineer to survey, pre- 
pare his work in detail, and carry it out, if for no other reason than that 


Mr L. E. Hawkins referred to Table I and said that he was rather 
puzzled by the small expenditure on painting, and wondered if that 
figure meant that the cost of the painting was very low, or that there 


average of about £28 a bridge seemed to be a very low figure. 
- He agreed with Mr Henry, though for different reasons, that the bottom 


- flanges of steel joists (encased in concrete) should be left exposed. 


He thought that the Author’s system of brick-facing effected a vertical 


; 
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bond but not a longitudinal bond. Mr Hawkins said that he had found 
that a better bond was obtained by building the wall 14 inches and 9 inches 
thick in alternate lengths of 3 feet and staggering each 3-foot-high lift; 
that gave an average brickwork thickness about 2 inches less than that 
of the Author. Hi 
As opposed to the Author’s experience, Mr Hawkins had found that 
corroded bearings were frequently one of the causes for a bridge renewal, , 
and he had found old bridges particularly troublesome, where the bearings ; 
had been inaccessible. + 
The Author had said “ A revision of deck design, an alternative water- - 
proofing system, or an additional membrane laid between the waterproofing } 
and green concrete appears, therefore, desirable.’”” Mr Hawkins had had . 
some rather unfortunate experiences with the membrane system and he } 
was very much in favour of asphalt, not laid direct on the concrete bug 
laid on to an intervening layer of bituminous sheeting. | 
The Chairman said that he was very pleased to see a reference made 
in the Paper to smoke plates. During his career he had found that the 
omission of smoke plates could cause a lot of damage, necessitating repairs 
in many. cases, particularly of steel-encased or reinforced-concrete over- 
- bridges. qj 
In his experience, brick-faced concrete walls had not always been 
satisfactory. He had been directly responsible for one built alongside a 
canal over a railway tunnel, and when a cofferdam was filled there was. 


tunnel. The fault was cured by waterproofing the face of the brick wall. 
The moral attached would seem to be to ensure good bonding between — 
brickwork and concrete when that type of construction was employed. 
He agreed with the Author that availability of water for cranes was an 
important factor in both brickwork and permanent way work, particularly 
since cranes were used to an increasing extent and there were as yet very 
many more steam cranes than diesel-engined cranes available. 
*,.* Mr W. T. Wilks said that the Paper should be very instructive to 
those Assistant Engineers and District Engineers who had limited know- 
ledge of bridge construction. The procedure to be desired was set out, — 
namely, that the District Engineer personally should direct the erection 
programme, but in many instances the whole matter was left to the 
Bridge Inspector and the Assistant Engineer to conduct the necessary 
Correspondence between the co-ordinating departments. The Bridge 
Inspector drew on the knowledge obtained during his trainin , and that. 


*,* This contribution was submitted in writing—Sxo. I.C.E. 
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| The methods of erection described by the Author had been in use for 
" many years, and were based entirely on the utilization of railway travelling 
_ cranes which were not particularly economical. Mr Wilks suggested that, 
in many cases, it would be far more economical to erect near the site a 
_ modern crane with a long jib for “ complete erection” and also “ piece- 

meal” erection. A study of the method of erecting heavy loads at the 
_ new oil refinery at Fawley would be worthy of consideration by railway 
- engineers, in order to stimulate ideas for more modern methods of bridge 
"erection. Railway engineers should recognize that there were several types 
_ of cranes besides those used on railways. 

Few people with aesthetic taste would agree with the Author's remarks 
about the pleasing results of mass abutments in brick-faced concrete as 
adopted by British Railways. The only difference between the style of 
_ today and that of 50 years ago was that engineering bricks had replaced 
_ blue bricks, and that might be because of the high cost of the latter brick. 
Pleasing results with bridge abutments could be obtained without much 
- extra cost by careful consideration of the brickwork treatment, such as 
"alternate courses oversailing by about 3 inch, or the choice of jointing and 
bond. With concrete throughout, there were several very effective ways 

of treating the surface which might be known to railway engineers. The 

aesthetic appearance of our railway bridges left much to be desired and 

_Mr Wilks suggested that there was ample scope for improvement without 
incurring additional cost. 

The use of pre-stressed concrete for temporary work in carrying the 
track over narrow trenches which had been excavated for abutments was 
bound to be an unnecessary extravagance when railways held quite reason- 

able stocks of plain rolled steel beams, which were as adaptable as any other 
medium. Would the Author elucidate the advantage of pre-stressed 
_ concrete for that particular job 
__. Onp.732the Author had stated that, for comfort, the tension on the bolts 
- for the lifting cleats should be 4 tons per square inch. How that working 
stress could be achieved by a spanner adjustment, or how it was related 
to comfort, was difficult to understand. If the bolts were “hand tightened,” 
that was the obvious practical approach. However, Mr Wilks deprecated 
- the fact that the Author even suggested bolts to be in tension, since it was 
_ a well-known principle in good. bridge construction that bolts and rivets 
~ in tension should be avoided. The simple solution in the particular case 
uld be to have a lifting bracket on the end 


mentioned by the Author wo ) 
of the girder with the bolts in shear—a method which was in general 


‘Mr Wilks would direct attention to the Author’s slide No. 5 of Penleigh 
Road Bridge, Westbury. It confirmed his observations about excessive 
~ labour forces to carry out constructional work on railways, and unfor- 


tunately a significant characteristic which contributed to costly work and 


"the financial instability of British Railways. It would be noted that there 
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were seven men actually working and seven looking on, and perhaps th 
other two were Assistant Engineers also employed on that site. :. 
The Author, in reply to the discussion, said that one of his chief diffi- . 
culties in writing the Paper had been the selection of examples. Those } 
presented by the speakers, both with and without slides, had added 
materially to the value of anything that he had said. ft 
He envied Mr Henry his recent experience with masonry work. It | 
was so long since Mr Butland had had the pleasure of working with banker » 
masons that he was certain that Mr Henry had been enjoying himself a 
great deal. He was a little puzzled by the carriage Mr Henry provided 
for his rolls. If he had a steel-to-steel contact, it might just as well be 
the main girder itself direct on a short length of rail. In fact, that was 
all he had ever found necessary. He agreed heartily on the question of 
covering steel, but perhaps in a rather different way. He thought that 
if it were possible to provide about 3 inches of cover, there would not be 
very much trouble. Of course, with pre-stressed concrete it was ho 
that shrinkage cracks would not occur, but where the cover was normall 
thin or where the cover consisted only of small pre-cast sections which 
could not be in intimate contact with steel at all, then trouble would arise 
if smoke fumes could approach that area. . 
There seemed to be a difference of views on the question of bedplates” 
and whether or not to use them, He thought that Mr Campbell was 
exaggerating when he talked of bridges wandering off the abutments. — 
The Author knew of many smaller bridges that had no fastening whatever — 
and that had behaved quite happily for many years. He thought that 
it was worth while going to any trouble to avoid (a) having to replace — 
bedstones at all, and (b) complicating the actual fixing of a bearing during 
an occupation of the line. . 
He agreed that one could attach a bedplate temporarily to the bearing — 
plate itself by welding and afterwards cutting the weld. But, even then, 
a dowel still had to be inserted. It was necessary either to have a very 
big hole through the bedplate in order to drill through into the stone — 
underneath, or to set the work with just that niceness which tended to 
slow down the tempo of the job. When he had referred to differences in 
level, he had not for a moment had in mind a difference like 2 feet but . 
rather one of the order of 1 or 2 inches. He thought that if Mr Campbell _ 
had to deal with a bridge where the bearing was 2 feet higher than the — 
level of the bottom flange he would use the type of girder which could be — 
seen in many viaducts where there was 4 or 5 feet of narrow parallel work 
at the bearings followed by an inclined bottom flange perhaps 8 feet long 
and then another parallel portion. He was quite sure Mr Campbell would 
not design such a girder with a square cut. . FE 
If a plain simple bearing was used and there was likely to be trouble 
from corrosion of the bottom flange, the Author suggested that it was not. 
difficult to put a little additional steel—perhaps }-inch or 3-inch plate— 
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as an extension of the bearing plate in between it and the bottom flange 
5 plate, so that any corrosion which took place occurred in that steel. 
_ ‘Turning to the wider question of the general organization of bridge 
work, the Author strongly agreed with Mr Campbell that the work should 
not be organized into watertight compartments. It had been rightly 
_ said that the D.E. should carry out bridge work, because he was responsible 
for the safety of the track, and, after all, the work would be done by the 
' district men if it was to be done by the Railway Executive at all. 
k But watertight compartments could occur. District work on the works 
side fell into two categories. First, there was the heavy structural work 
"bridges, tunnels, retaining walls, and other load-carrying structures— 
and then there was supplementary building work. The distinction which 
_ arose was more a distinction between the work of a civil engineer and an 
_ architect than anything else. The Western Region organization was such 
' that that cleavage, which was a natural one, was followed. Therefore, 
_ one inspector, the Bridge Inspector, dealt with superstructures and sub- 
structures, tunnel work, retaining walls, and the provision of the types 
_ of timbering which were shoring and protection to the running line. 
There were other systems where supervision on the works side was 
‘ander a Chief Inspector and there was an Inspector of brickwork and an 
"Inspector of steel. In that case one had one inspector dealing with the 
substructure and the same man also dealing with the more ornamental 
brickwork of buildings. The steel man would be doing repairs to station 
- roofs and minor semi-decorative work as well as erecting bridge super- 
_ structures. 
The Author did not think any difficulties in design could arise through 
Jack of knowledge of erection troubles if the D.E. did the erection. He 
_ would say rather the reverse. 
| The other important feature determining one’s method of carrying out 
bridge work and the general scope of the organization was whether the 
work was to be done by contract or by railway personnel. He had a 
_ great predilection for the Railway Executive doing their own work of 
usual type so far as was humanly possible, because surely the profit which 
¢he contractor must make could be just as well in their pockets. Even 
if they were to go very extensively to the contract system, he did not 
think it desirable to run bridge work in detail from headquarters, especially 
_ on the bigger regions. 
Mr Berridge had shown them a good illustration of an Indian crane. The 
_ Author very much envied him that crane which could be used to put a 40- 
- foot span ahead of itself and even to drive the piles beforehand to receive it. 
. Perhaps a fundamental difference between 


Tt was a very usefal tool. é 
Indian bridge work and British was that spans m India were almost ali 
square. Spans had been so standardized that. work had probably been 
_ reduced to a complete drill. He imagined that in dealing with local 
labour it was necessary to reduce it to # complete drill. Perhaps that 
aes: ; ; | 
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might account a little for the very short occupation times. Certainly, i 
one could face up to a speed restriction for a very long period of time, th I 
the occupation time could be cut down. The Author was delighted with 
the illustrations of the well deck. There was no doubt that they were 
excellent. He had not yet had the pleasure of handling them or seeing 
them handled. 

Mr Smith had stressed that it was simpler to build a new abutment’ 
behind the line and the back of the existing abutment rather than throug 
it. The Author agreed. Also Mr Smith had stressed that it was better, : 
if cross-girders were going to be difficult to fix from a crane working below, 
not to have cross-girders. The Author agreed that breakdown cranes 
were slow. But if they were to make it a practice only to use them for 
the bigger lifts, and if for those bigger lifts they were to assume that they 
were more or less up to capacity, he did not feel any burning desire to 
increase their speed of lifting. The setting of a big long girder was not 
a job to rush and if it took 10 minutes longer than if one had a higher gear : 
ratio that was not of great importance. It was only a small part of th 
operation. If one could have hydraulic rams, and possibly hydraulic 
jacks, so that the extension girders could be set more quickly, he thought ; 
that that would be a very real improvement, in cutting down the time to | 
“dress” the crane, the operation in which their slowness was really ' 
revealed. 

Mr King had made a point about the direct labour organization. He 
thought that he could best reply by saying “ fair enough”: the organiza; 
tion was taken over from the L.M.R. It was a fact that at Bristol they 
found that the direct labour organization worked extremely well. It had 
proved a very ready source for increasing their man-power. He agreed 
that anything that one could do to speed up the passage of traffic over 
temporary works was highly desirable, but he had not any proved ideas — 
to offer. It seemed to him that they would probably have to go down to > 
a good depth to get a good bearing. They might have to resort to pre-cast 
slabs or timber going below any deterioration of the original material of © 
the bank. In addition to improved bank seats, the temporary work 
- should permit ballast between it and the sleeper so that a good top could © 
be maintained constantly. Although he agreed that it was an objective — 
at which they should aim he agreed, equally, that he had not got the — 
solution. He was glad that Mr King agreed with him on questions of 
general organization. 

Mr Hawkins had said that their painting at Bristol appeared to be 
done very cheaply. He did not know whether that was because it was 
done by direct labour and not by contract. From figures he had seen he 
knew that at Bristol, by direct labour, the ratio of labour to paint on 
building painting was 70 per cent labour to 30 per cent paint. By con-_ 
tract the figures were more like 75 per cent labour to 25 per cent paint. That 
did not sound to be a very great difference but in fact it was considerable. 
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The other point was that quite a few bridges, especially the older 


"bridges where they still had more or less the Brunel type of girder, were 
tarred and had been tarred for generations. Obviously, they would be 
_ tarred until they were replaced. Tarring, of course, was a cheap operation. 


He agreed with*Mr Hawkins that asphalt properly applied could be a 


- very good waterproofing system, but it was not particularly cheap. Again, » 
| it needed protection and lacked the flexibility of the membrane system. 
- He also heartily agreed with the comments of the Chairman about jacks. 
- There was nothing more important than to have a stand-by, particularly 
_ if one was using hydraulic jacks which might give trouble. He recalled 
a job in South Wales where it had been necessary to lift a five-span bridge, 
_ each span carrying four tracks over the Rhondda River. The number of 
" jacks required for the job was about forty-seven. He had acquired all he 
- could by lawful and unlawful means from their own resources and by 
borrowing. In the end, they got through with about six in hand but he 
did not feel that that was one too many. 


The Author did not consider Mr Wilks’s suggestion of the erection at 


' site of special cranes to be in general an economical suggestion because of 


the variation in site conditions. The availability of breakdown and general- 
purpose cranes for bridge work was one of the most economical factors 
in bridge reconstruction work and for that very reason such cranes were 


_ almost invariably hired from the railways by contractors, when the erection 


was let to contract. 
The Author noted Mr Wilks’s varying taste in the matter of abutment 
facework and agreed that by proper panelling and the use of oversailing, 


_ very pleasing effects could be obtained. 


In suggesting pre-stressed concrete decks for temporary work over 
abutments the Author had in mind the use of cross-sleepered road with a 


small cushion of ballast, which would allow of much better running and the 


more consistent maintenance of top, and in that matter the shallow depth 
possible with pre-stressed concrete work would be a great help. 

The Author was aware that students were taught to avoid the use of 
bolts in tension and, where conditions permitted, a lifting bracket secured 


to the end plate by bolts in shear was invariably used, but there were 
- many cases where the crane had to pick up the load at an intermediate 
point on the girder, and the experienced engineer, the Author suggested, 


was justified then in using bolts in tension and care should be taken by 
close supervision to ensure that the bolts of the lifting bracket fixed to 


the top flange were “ hand tightened ” only. 


———— 
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CORRESPONDENCE 
on Papers published in 
Proceedings, Part II, February 1952 


Paper No. 5833 


‘* Marine and River Surveying with a Circle Chart ’’ 7 


by 
John Francis Causton Swansbourne, A.M.I.C.E. 


Correspondence 


Commander D. H. Macmillan observed that the Author had rightly 
emphasized the eminent advantages to be obtained by the use of inter-- 
secting arcs and position lines for the location of moving objects or vessels: 
afloat adjacent to shore control points; but a very great deal more, of 
course, could be said about ensuring optimum conditions of intersection: 
and also the sensitivity of the angle related to linear displacement. 7 

Whilst that principle was almost absurdly simple it did not appear to) 

have been given the place it deserved, despite the fact that Commander: 


bar in 1932 ; the subject was dealt with in some detail by him in a publica- ‘ 
tion entitled “ Precision Echo Sounding and Surveying” (published by’ 
Kelvin & Hughes in 1939). . 7 
That, together with some Papers appearing in the Dock and Harbour ' 
Authority magazine for April and June, 1939, had elicited a letter from . 
Mr L. D. Shuman, Chief Engineer of the United States War Department, , 
showing that American Surveyors had developed a similar control system | 
for the navigation and surveying of the River Mississippi. 
Commander Macmillan was considering a small work on the subject as | 
it could be applied for a variety of purposes quite apart from hydrographi 
surveying and enabled location to be done on large scales with very small 
plotting sheets with arcs correctly related to the trigonometrical frame- 
work upon which the determinations depended. _ + 
A number of valuable relationships existed between the subtended 


arcs and it was also possible to dispense entirely with beam compasses : 
and plot the ares on very large scales by rigorous calculation. 


t Proc. Instn Civ. Engrs, Part II, vol. 1, p. 210 (Feb. 1952), 
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The Commander was very interested in the discussion and felt that the 
ss utility of the solution had not been fully explored by engineers and 
surveyors generally, and that a valuable service had been performed by 
the Author in raising the issue. 
The principle had been used for the control of Naval operations under 
- the Commander’s supervision during the recent war and it might be of 
interest that the entire area under the control of the Southampton Harbour 
Board was covered by sextant arc graphs on a natural scale of 1/2,500 
throughout, depending upon the minor triangulation covering the 
approaches and sea channels leading to the Estuary and Port, as well as 


' the areas off the Docks. 


The Author, in reply, stated that he was pleased to note that sextant 
graphs or circle charts had been used extensively by a naval hydrographer 
and wished to thank Commander Macmillan for drawing attention to the 
other treatments of the subject which he had since read with great interest. 

All civil engineers who were connected with river, port, or harbour 

development should read those works, Such extensive experience could 
only support the contention that civil engineers would do well to be 
informed in the simple arts of graphical plotting. 
The preparation of a chart to suit a given set of shore stations might 
seem laborious to a civil engineer, particularly if the job. was a small one 
and he was only going to use the chart once. The Author felt, however, 
that the labour was justified by the result whatever the size of the work, 
put that some simplification might be found in the preparation of a 
standard chart, as described in the Paper, for use on any survey where 
conditions were suitable. 
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Paper No. 5845 


“‘ Construction of a Pre-stressed Concrete Road at Crawley 
New Town ’’ + 


by 
Arthur John Whyte McIntosh, B.Sc., M.I.C.E., 
and Jack Mercer, M.Sc.(Eng.), A.M.I.C.E. 


Correspondence 


Mr W. E. I. Armstrong observed that the pre-stressed concrete road | 
described by the Authors was the first laid in Great Britain and, so far as . 
was known, the longest in the world at that time. It was an outstandingly — 
successful experiment, not only because it had demonstrated that pre- 
stressed concrete roads could be laid at a cost no higher than that of | 
ordinary reinforced-concrete roads, but also because of the information it . 
gave on movements to be expected on other similar. pre-stressed slabs, 
That information was invaluable to those concerned with the application of © 
pre-stressing to road work. 

It should be noted that although the use of separate haunches to the 
road possibly cost more than the alternatives which might now be used. 
they served their purpose by keeping down tendon anchorage failures and 
limiting the severity of failures. Those were important considerations — 


the shorter units commonly used in pre-stressed concrete structures and 
failure could be more severe. Certain precautions therefore had to be | 
taken whether a haunch was used or not. They included the use of a good 
_ factor of safety, special attention to concrete compaction in the anchorage 
areas, the use of stronger concrete in those areas, and the cutting-out and 
replacing of badly placed anchorages. In addition, concrete should be. 
prevented from getting on to any anchorage surface on which jacks were _ 
subsequently to bear ; calculations should be based on the pre-stress being 
transferred by direct compressive thrust only ; fabric reinforcement should _ 
be placed at the ends of slabs ; and ties should be used at right angles to the 
tendons near the anchorages. It would be seen how easy it was to comply 
with all those requirements when a special haunch was used. In addition, 
_ the energy stored up in any one tendon was reduced. Ifa haunch was not 


; 
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used care had to be taken to ensure that tendons were not placed too near 
_the edges of the slabs. Whilst economics and the advantages of running 
- the tendons longitudinally along the road might limit the use of haunches 
in future, it was doubtful whether sufficient was known about pre-stressed 
concrete roads at that time to have safely omitted the haunches without 
_ other equally or more expensive alternatives. 
- When considering safety in design and construction of long thin pre- 
_ stressed slabs it was opportune to mention safety during stressing so that 
_ those failures which did occur, though of reduced frequency and magnitude, 
would cause as little damage as possible. The jacks and pump should be 
operated from well to the rear and the operators should be given some 
protection against flying wedges, etc. Personnel observing progress or 
operating the jack should be provided with metal eye shields or basket 
goggles. The areas forward of any anchorage being stressed and adjacent 
to the side of the slab near any anchorage being stressed had to be avoided. 
No one should lean over a jack once stressing was well under way ; marks 
which would coincide when full tension was reached should be made on 
the tendon and jack ; observation from a distance with optical aid might 
_ even be considered. Pump pressure-gauges should be frequently calibrated 
and pulls for different pressure-gauge readings should be known. In 
addition, boards should be placed over the end of the slab during stressing. 
Information was at present lacking as to whether the use of more 
construction joints would in practice solve the problem of avoiding cracks 
before stressing when large reductions occurred in the temperature. It was 
probable that the Authors’ other suggestions on p. 232 were better. The 
“use of more construction joints might result in more weak points, since both 
flexural and shear strength was normally less at those points. 

“The measurements of slab movement were being continued by the Road 

Research Laboratory and the Authors were to be thanked for the facilities 
they had given for that work. 

Mr E. H. Cooley observed that the Authors’ conclusions were of con- 
siderable interest in the light of recent work that had been undertaken 
by the Cement and Concrete Association on pre-stressed concrete roads. 

In the course of the past 2 years the Association had laid five pre-stressed 
‘slabs, ranging in length from 40 feet to 190 feet, to investigate various 
aspects of the problem. In those slabs pre-stress had been applied in the 
longitudinal direction only since it had been thought that a pre-stress In 
the transverse direction was unnecessary except for very wide slabs. 
As concluded at Crawley, it had been found that the most suitable 
method of producing that longitudinal stress was simply by running a 
number of cables straight down the length of the slab, anchored positively 
ateach end. The stresses in the corners of the slabs were usually the most 
"critical for normal types of loading and in two slabs an attempt had been 
"made to carry the pre-stress right into the corners by fanning out the wires 
n the cables from a point 10 feet from the end of the slab. The wires had 


in 
y 


764 CORRESPONDENCE ON CONSTRUCTION OF A PRE-STRESSED 


then been taken into the corner of the slab and anchored by a positive bond 
with the concrete. That method had worked satisfactorily but had 
involved rather a large amount of site work. In subsequent slabs the end 
had been dealt with by placing a length of mesh fabric over the end 10 feet, 
the cables being anchored in the normal way. a 
One problem that arose when long slabs were stressed by longitudinal 
cables was that friction in the cables had the effect of reducing the stre: 
applied to the concrete. That friction arose from the fact that the heavy 
vibration that was usually applied to concrete in road construction tended” 
to displace the cable from its desired straightness, or even to damage the © 
sheathing if the cable was laid in situ. : 
That problem might be overcome by using a fairly heavy gauge 
sheathing as had been done at Crawley, but that increased the cost of 
the cables. The method which had been developed by the Cement and 
Concrete Association and which appeared to work extremely satisfactorily 
was to form a duct for the pre-stressing cable by a length of galvanized 
pipe, of diameter slightly greater than the cable, which was pulled 
through the concrete as work proceeded. The concrete was placed and 
vibrated at the forward end of the pipe, a sufficient length of which 
remained inside the concrete to prevent any collapse of the duct until the 
concrete had taken its initial set. With a 40-foot length of pipe it was — 
possible to lay the concrete in a continuous process, pulling the pipe — 
forward a few feet at a time. The pipe was supported at the right height — 
in the slab by concrete blocks at intervals. The method was suitable for 
straight cables only, of course, but was being used successfully on a scheme _ 
at Basildon New Town in Essex. . 
From the economic view point it seemed that there was little to choose _ 
between a 6-inch pre-stressed concrete and a 6-inch normally reinforced 
slab. However, where a 6-inch pre-stressed slab, with its greater flexural 
strength, could be used in place of an R.C. slab of 8 inches or more thickness _ 
then some considerable saving was likely to be achieved, in addition to the — 
benefit of obtaining a riding surface with far fewer transverse joints. 7 
Dr P. W. Abeles referred to the statement in the Paper that a “con- 
siderable compressive stress should remain in the concrete after maki 
allowance for the reduction of stresses due to sub-grade restraint ” (p. 221). 
It was interesting to note that an effective compressive pre-stress as low 
as 100 Ib. per square inch had been considered as sufficient. That was, in 
fact, only a small proportion of the flexural strength (also called modulus 
of rupture or tensile strength in bending) of high-strength concrete as used 
in pre-stressed road work, which was approximately 800 Ib. per squa 
inch, and differed greatly from the usual arrangement in pre-stressed. 
concrete construction where mostly the effective pre-compression was 
higher than the modulus of rupture. ‘7 
In a non-pre-stressed reinforced-concrete slab, cracks would occur 
owing to shrinkage and creep, even if the bending tensile stress under the | 
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: maximum wheel load was below the flexual strength, but the development 
of such cracks was avoided by effective pre-stressing, even if the stress was 
‘rather low. According to Dr Abeles’s suggestion, constructions in which 
use was made of the flexural strength of the concrete were called partially 
7 pre-stressed in contrast to fully pre-stressed structures in which there was 
only compression in the concrete. when under working load. 
Tests had proved that partially pre-stressed concrete might be designed 
“so as to ensure freedom from cracks under working load even under fatigue 
conditions, which case was described as Type (iB) in the “ First Report on 
Prestressed Concrete ” (Appendix II),1 or in such a way that temporary 
fine cracks might occur under load conditions, which was called Type (ii) in 
the Report, the cracks closing completely on removal of the load. Thus 
both types could be successfully used for road constructions and a very 
small but effective pre-compression would be sufficient to avoid the 
development of cracks altogether if, under repeated wheel load, the 
‘resultant tensile bending stress did not exceed approximately 75 per cent 
of the modulus of rupture. If, for example, the concrete tensile stress 
under the maximum wheel load was 700 Ib. per square inch in a non- 
pre-stressed reinforced-concrete slab, it would crack independently of - 
shrinkage and creep; but a pre-stressed slab with an effective pre- 
compression of 100 Ib. per square inch would not crack, the resultant stress 
_ being reduced to 600 lb. per square inch, which reduction would just ensure 
freedom from cracks under fatigue conditions. Or in another case where 
the concrete tensile stress in a non-pre-stressed slab might be 1,000 Ib. per 
square inch, a low effective pre-compression would ensure that any fine ~ 
crack which might develop under maximum wheel load would become 
entirely invisible on removal of the wheel load, even after millions of 
repetitions of loading. Thus an effective pre-compression as low as 
100 Ib. per square inch, which was approximately ay of the cube strength 
_ or even less, was sufficient to obtain satisfactory results. 
The Authors, in reply, observed that Mr Armstrong had drawn 
attention to the advantages which resulted from the use of separately 
constructed haunches. Although it had been stated in the Paper that the 
haunches could be omitted, they were very conscious of those advantages 
- and the suggestion to eliminate them had been made solely on the grounds 
of economy. At the same time, the Authors considered that if that were 
done then some thickening of the edges of the slab would be desirable, 

because even with the carefully prepared haunches at Crawley two cases 
_ of failure of the concrete surrounding the cones had occurred while stressing. 
Some further experimental work was clearly needed before conclusions 


could be drawn. Mr Armstrong’s remarks on the precautions to be taken 


4 during stressing were timely and the Authors felt that a Code of Practice 
recommending the precautions to be taken during stressing should be 


_ produced for the benefit of operators and observers. 
ss an OO 
4 “ First Report on Prestressed Concrete.” Instn Struct. Engrs, London, 1951. 
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Mr Cooley’s information concerning the longitudinal stressing used by j 
the Cement and Concrete Association was interesting, but it should not : 
be thought that the use of diagonal cables at Crawley had been prompted 
by the need to apply transverse pre-stress, which was in fact almost | 
negligible. The main purpose of placing the cables diagonally had been 
for ease of handling with the added advantage of being able to execute all 
stressing from the sides of the road. The Authors felt strongly that if the 
full value of pre-stressed road construction were to be obtained in the 
future, speed of construction would be essential and the method of con-_ 
struction would have to lend itself to the mechanical laying and compaction 
of the concrete. Methods of stressing longitudinally had not, to the 
Authors’ knowledge, taken any account of that factor, for a bay ee | 
5 to 6 feet long had had to be left for stressing operations and concreted — 
at a later stage. As pointed out on p. 223, the slab had been designed to 
test the apparent advantages of being able to carry out the stressing at the 
sides of the road without interruption of the continuous operation of layin 4 
concrete. If, however, longitudinal stressing only was to be used, then the 
’ Authors felt that consideration should be given to the use of high-tensile 
bars as a means of applying pre-stress, in which case the problem of sheath- } 
ing might be eliminated or simplified. 

Mr Cooley’s statement that the use of a heavy sheathing increased the } 
cost of the cables was considered by the Authors to be doubtful. The cost 
of the sheathing at Crawley was 3d. per foot run (equivalent to 6d. — 
per square yard) and it was felt that the total cost of providing and laying | 
that sheathing was probably less than the cost of the process of winching — 
forward galvanized iron piping. Moreover, the latter process could easily — 
lead to a slight disturbance of the green concrete unless very great care _ 
was taken. In the last paragraph concerning costs, Mr Cooley was more | 
optimistic than the Authors, who doubted whether the.costs of a 6-inch | 
reinforced-concrete slab and a 6-inch pre-stressed slab were comparable. 
In the Paper, the cost comparison had been made between the normal. | 
construction at Crawley of 8-inch reinforced-concrete on 4 inches of lean 
concrete as against a 6-inch pre-stressed slab on clinker. Those costs 
were felt to be comparable and with greater experience might show an 
advantage in favour of the pre-stressed road. 

The contribution by Dr Abeles was considered by the Authors to be 
of great value, affording as it did a theoretical basis for the low value of 
the pre-stress used. As pointed out in the Paper, however, it was felt that 
a higher pre-stress of (say) 300 Ib. per square inch should be used until 
more information was available concerning the value of the subgrade 
restraint on long lengths of continuous concrete road. — 


a 
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CORRESPONDENCE 
on Papers published in 
Proceedings, Part II, June 1952 


Road Paper No. 36 


‘* Some Theoretical Aspects of Road Traffic Research ’’ { 
by 
John Glen Wardrop, B.A. 


Correspondence 


Mr J. I. Whitehead agreed with the Author that, although traftic 
engineering was a severely practical subject, some theory was required 
to guide the interpretation of observations. In Great Britain, the actual 
decisions on action to be taken in relation to traffic flow were made by 
_laymen—the councillors of the local authorities who had highway powers. 
The appearances and properties of traffic could be extremely deceptive to 
the casual observer, and far too many decisions had been made in the past 
"without ascertaining the true facts in particular traffic problems. It was 
therefore very important that the council’s technical advisers should have 
an opportunity, such as was given by the Paper, of studying some of the 
- basic facts of traffic flow. 

In studying speeds, the Author had emphasized the need for keeping 
to the same type of mean speed in any investigation. It appeared to Mr 
Whitehead, however, that the facilities for observing space-mean speed 
were very limited, and that time-mean ‘speed was almost invariably used 
“because its measurement was simple. The risk of confusion was not 

_ therefore likely to be great, although the Author’s warning was justified. 
The Author had mentioned the effect of the high correlation between 
the journey times of successive vehicles passing along the same route 
within short time intervals. Mr Whitehead had to make observations 
_ of journey times to obtain time-mean speeds to assess the need for imposing 
_ 30-mile-per-hour speed. limits. In doing so, the only vehicles observed had 
been those whose speeds did not appear to be influenced by the next 
yehicle ahead. That method probably gave higher average speeds than 
if all vehicles were included, and he would like to have the Author’s 


+ Proe, Instn Civ. Engrs, Part IT, vol 1, p. 325 (June 1952). 
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opinion as to the merits of this method. It had been used because the - 
public always attached great importance to isolated vehicles travelling at § 
high speeds, and it seemed necessary to measure those because they were 
the basis of the complaints which led to demands for speed restrictions. _ 
The need for a knowledge of elementary statistics for traffic research 
work was rightly emphasized by the Author, and Mr Whitehead thought 
that that knowledge might well be regarded as essential to all those engaged 
in traffic engineering. It was clearly impossible to give many worked ex- 
amples in a Paper such as the one under discussion, but they would have ~ 
been welcomed because most text-books related the subject to biology, 
and it was not easy for those unskilled in the subject to select the right 
method for studying the observations in any particular traffic problem. 
The Author, in reply, referred to Mr Whitehead’s suggestion that in 
traffic studies the time-mean speed was almost invariably used because its — 
measurement was simple. Experience at the Road Research Laborator Vy 
however, showed that the most common methods of speed measurement _ 
involved timing vehicles over a fixed distance (which might be anything — 
from 3 feet to a mile). The results were measured directly in terms of — 
journey time, and in order to obtain the space-mean speed it was only } 
necessary to find the average of those journey times and divide that into — 
the distance. 
The time-mean speed, on the other hand, required each individual — 
journey time to be divided into the distance and the extra work would be | 
considerable if large numbers of vehicles were involved. An additional 
advantage of the space-mean speed was the comparative ease with which 
it could be calculated mechanically using punched-card equipment. | 
The Author agreed with Mr Whitehead that the mean speed of those _ 
vehicles which appeared to be unaffected by other traffic would generally 
be higher than that of all vehicles. Measurements restricted to those 
vehicles should therefore only.be used when attention was directed to the 
faster traffic, as in the example given by Mr Whitehead. 
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3 Airport Paper No. 19 


«© The Influence of Multiple-wheel Undercarriages on the Design 
and Evaluation of Airfield Pavements ”’ + 


by 
Guthrie Stewart Cooper, B.Sc., A.M.I.C.E. 


Correspondence 


Mr G. M. J. Williams observed that the Author appeared to have 
assumed that the criterion of failure in the soil below a flexible pavement 
was the maximum total normal stress acting in a vertical direction. Most 
authorities, however, considered the criterion of failure to be whether or 
not the shear stress on any plane at any point in the soil exceeded the value 
_ of the expression c + o tan d, where c denoted the cohesion and ¢ the angle 
of internal friction of the soil, and o denoted the direct stress on the parti- 
‘cular plane. Thus to derive the combined effect of several surface loads 
one should compound the shear stresses produced by each load and also 
“compound the direct stresses on the planes of maximum shear stress. _ 
The Author also appeared to have assumed that failure of the subgrade 
was dependent only upon the stresses produced by the combined loading 
and upon the classification of the soil (that was, its cohesion, angle of 
- internal friction, and other physical properties), but that it was independent 
of the depth at which failure occurred. Thus if a single-wheel’load set 
up a maximum stress in the soil which just caused it to fail, then the com- 
- pined effect of two lesser wheel loads would cause the same soil to fail if 
* they produced the same maximum stress at any point, even though that 
point might be deeper than the point where the maximum stress occurred 
under a single-wheel load. In soils possessing internal friction that would 
‘not be true because, as was well known, the apparent strength of such 
soils increased with the depth even though the angle of internal friction _ 
did not change. In such a case the safe load on a multiple undercarriage 
should be greater than that computed by the Author. On the other hand, 
on cohesive soils the pre-existing stresses in the soil might cause a reduction 
of the apparent strength with depth below a compacted subgrade. Both 
of those factors had been dealt with in detail in recent literature on the 
subject.t 
Finally, Mr Williams considered that it would be of interest if the Author 
_ would give his reasons for assuming that the criterion for failure of a rigid 
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pavement was usually the flexural stress in the bottom of the pavement. 
It was true that failure always became apparent by failure of the pavement ; 
but there was no sure method of telling whether or not failure first occurred . 
in the subgrade and was followed by failure of the paveme nt 
itself, When designing flexible pavements by the Westergaard method, 
or any other method which assumed that failure would first occur in the 
pavement, it was desirable to check that the stresses set up in the subgrade 
were also safe. That was particularly necessary in cases where the pave- 
ment would undergo a considerable deflexion before failure, such as eS 
with pre-stressed-concrete pavements, or when the total loaded area was 
large compared with the pavement thickness, as tended to happen with 
multiple-wheel undercarriages. “4 
Mr RB. S. Colquhoun observed that the Author had stated on p. 440, — 
that temporary airfields surfaced with metal tracking, such as “ Pierced 
Steel Plank,” presented a difficult problem. Would the Author please — 
state whether such metal track-surfacings should be regarded as “rigid” | 
or as “flexible” pavements? Had he any experimental data which — 
would show the extent to which such surfaces spread the wheel load ove 
the natural surface of the ground? It was understood that a runway of — 
Pierced Steel Plank in combination with Prefabricated Bituminous Sur- | 
facing was in constant operational use at Changi Airfield, Singapore, from 
1945 to 1949. Could the.Author state what were the subgrade and — 
moisture conditions of that runway, the type and weight of aircraft using — 
it, and the number of coverages during the period of operation? Had 
he any information on the effect of multiple-wheel undercarriages on 
Channel Track surfacing (where the individual panels were 6 feet by 11 feet) 
where the contact areas of the two wheels would be confined within one 
panel ? 
Such information would be very useful in evaluating the performance of | 
metal track-surfacings, on which subject there was little published data. 
Mr R. L. Mitchell, of Salisbury,. Southern Rhodesia, considered that 
although the Author was to be congratulated on having presented a very 
useful thesis on the effects of multiple-wheel undercarriages, the adoption. 
_ of that thesis to rigid pavements could only be regarded as academic. The 
_ Author had stated, on p. 429, that “slab corners are, accordingly, the 
_ weakest parts of the structure . . . [and are] taken for the calculation of 
thickness . . .”, with which Mr Mitchell agreed, yet the Author’s subse- 
quent calculation were concerned with the more readily soluble centre 
case. In the discussion! on a previous Airport Paper, Mr Mitchell had 
called attention to the possibility of modifying Westergaard’s formulae for — 
corner loading to cover multi-wheel undercarriages. The Author had 
reported the limitations of that case, when calculated from a heavy 


1 J. K. Fisher, A. Goode, and C. E. Docker, ‘‘ Some Problems in the Design ana | 
Construction of Large Airfields.” Airport Paper No. 3, Instn Civ. Engrs, 1946. 
Discussion by R. L. Mitchell, p. 74. i 
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equivalent single wheel load, and had reverted to the centre case; that 
‘was equivalent to stating that if a multi-wheel undercarriage were replaced 
by a single wheel, then the formulae would not be valid for corner design, 
and that only the centre design should be considered—or in other words, 
corner design should be used for small aircraft, centre design for large ! 
Mr Mitchell felt that the approach was fundamentally incorrect, 
particularly when considering the E.S.W.L. on rigid pavements. The 
worst loading would occur when the front wheel(s) was on the slab and the 
rear wheel(s) just on the corner, and he estimated that it would occur 
‘near the edge with the axis of the wheels parallel to the sides of the slab. 
Could not each wheel be considered separately, and a total summation of 
stress be evolved ? A more practical consideration would, however, evolve 
in questioning what brought about corner failure ; in Mr Mitchell’s opinion 
it was caused by the impact of aircraft wheels on proud corners. In that 
aspect the multi-wheel undercarriage would have the advantage, because 
‘it would dampen the impact stresses. Also, since moisture and tempera- 
ture conditions so much affected the stresses, and since so little was known 
with regard to the stressing of load-transfer devices, he considered that 
tigid-pavement design was best carried out empirically, as with the 
©.A.A. (Civil Aviation Authority, U.S.A.) system, by which a nominal 
reduction would be made for multi-wheel undercarriages. Research 
should enable a world-wide standard to be laid down for mix design ; 
with that as a standard, records could be kept of subgrade classification 
(or, preferably, of moduli of subgrade reaction), pavement thickness, 
climate, and aircraft causing failure, and an empirical classification could 
be established. 
Mr Mitchell thought that, although rational, the E.S.W.L. was too com- 
plicated a function to be of primary use. From an operational point of 
view, it would be better if all manufacturers of aircraft with multi-wheel 
undercarriages were to issue to all governments the C.B.R. and depth/ 
yertical-stress curves; those would then be in the hands of authorities 
before operation of the aircraft could be anticipated, and would give them 
sufficient time to classify their airfields for use of the particular aircraft. 
The Author, in reply, agreed that the shear stress was the ultimate 
criterion for failure in a flexible pavement. In establishing the Equivalent 
Single Wheel Load Ratio for a particular pavement, however, ¢ and ¢ 
‘were constants. The stressing conditions in the subgrade were considered 
since it had been assumed at the outset that that was the critical plane for 
failure, also that the single and multiple wheel loads which produced the 
same average vertical pressure over a defined area would produce roughly 
the same shear stresses. At an early stage in the investigations efforts 
had been made to equate shear stresses, but it had not been found practic- 
‘able by that means to produce a method which would be sufficiently simple 


for general use. ' 
Tt was true that failure might occur elsewhere than in the subgrade 
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under various wheel arrangements, and that point had been mentioned i 
the last paragraph of p. 423 and the first paragraph of p. 440 in the Pape 
and also at the commencement of the Author’s reply to the Discussion 
The Author stated that, whilst excessive flexural stress in the botton 

of a concrete slab was the cause of slab cracking in the case of centng 
loading, cracking in concrete slabs usually began at the corners and edgeg 
owing to excessive flexural stress in the top of the slab. The reason fc 
adopting the centre case to establish the Equivalent Single Wheel Loz 
Ratio was given on p. 430 in the Paper. The Author considered tha 
since cracking of concrete pavements usually occurred at deflexions of les 
than 0-15 inch, it was very unlikely that the safe load on the subgradi 
would be exceeded. Pre-stressed concrete pavements introduced com 
pletely different problems and the method given in the Paper for thi 
calculation of Equivalent Single Wheel Load Ratios for rigid pavement? 
could not be applied directly. Pre-stressed concrete, permitting mucg 
higher deflexions, allowed greater benefit to be derived from the nature 
bearing strength of soil. The pavements as a whole combined thi 
characteristics of rigid and flexible pavements, and a method of ¢ 
culating Equivalent Single Wheel Load Ratios for them would have t 
be evolved. 
Regarding landing mats, the Author stated that fundamental researe 

on the whole field of prefabricated surfacing was at present in hand, bu 
he was not in a position to discuss it. Various types of those surfacingy 
were under development and, according to type, the pavement as a who 
ranged from purely flexible to partially rigid. Channel Track was nog 
now in use. At Changi two layers of Pierced Steel Plank were used, th 
lower layer being placed longitudinally and upside-down on top of tw 
layers of Prefabricated Bituminous Surfacing. Other details of the paves 
ment were available in Mr Goode’s Paper.1 It performed fairly satisfac 
torily for the period over which it was in use. t 
The Author agreed that the method put forward for Equivalent Singld 
Wheel Load Ratio determination on rigid pavements was academic. H 
could not, however, suggest any other method, and the proposals pu 
forward by Mr Mitchell did in fact call for individual investigation front 
first principles in each case. The Author’s intention had been to presen’ 
a method which would be sufficiently accurate for general and simple use.! 
~The Author stated that, eventually, empirical design methods would 
undoubtedly be adopted for rigid pavements, but considerably more 
practical evidence was required before that could be done. The C. 
system of design was a step in that direction, but the Author thought 
the base course requirements were exaggerated, bearing in mind the very 
limited deflexion permissible in a concrete pavement. are | 
The suggestion regarding the provision by aircraft manufacturing | firms 


1 Alfred Goode, “ The Construction of Changi Airfield, Singapore.” Airport Paper 
No. 14, Instn Civ. Engrs, 1951. = | 
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of C.B.R. and depth/vertical pressure curves would only provide one-half 
of the answer, and the Author doubted that the companies would be 
in a position to construct the curves. However, they could provide the 
necessary data on wheel loads, tire pressure, and lay-out, which would 
permit the civil engineer to evaluate the effect on various airfield pave- 
ments as required. 


774 PERSONNEL OF ENGINEERING DIVISIONAL BOARDS 


PERSONNEL OF ENGINEERING | 
DIVISIONAL BOARDS FOR SESSION 1952-58 


AIRPORT DIVISION 
Chairman: Sir Hubert Walker (Member) 


Appointed by the Council Elected by the members 
Mr J. A. Dawson (Member) Sir Stanley Angwin (Member) — 
Mr G. H. Fretwell (Member) Mr G. S. Cooper (Assoc. Member) 
Mr H. J. B. Harding (Member) Mr W. G. Harris (Member) 
Mr F. 8. Snow (Member) Mr K. C. Mann (Assoc. ni 
Mr R. M. Wynne-Edwards Mr G. C. Wilson (Assoc. Member) } 
(Member) 


MARITIME AND WATERWAYS DIVISION 
Chairman: Lieut.-Col. R. H. Edwards (Member) 


Appointed by the Council Elected by the members . 
Mr C. H. Dobbie (Member) Mr D. H. Little (Assoc. Member) — 
Mr J. H. Jellett (Member) Mr Reginald Morton (Member) 
Mr Leopold Leighton (Member) Mr John Palmer (Member) 

Mr P. A. Scott (Member) Mr P. R. Robinson (Member) 
Mr C. A. Wilson (Member) Mr G. A. Wilson (Member) 


PUBLIC HEALTH DIVISION 
Chairman: Mr G. M. McNaughton (Member) 


Appointed by the Council Elected by the members 
Mr J. T. Calvert (Member) Mr G. L. Ackers (Member) 
Mr H. J. B. Manzoni (Member) Mr C. D.C. Braine (Member) 
Professor A. J. 8. Pippard (Mem- Mr W. Fillingham Brown (Mem 
ber) ber) 
Mr C. B. Townend (Member) Mr H. G. Ramsay (Member) 


Mr David M. Watson (Vice- Mr R. C. 8. Walters (Member) 
President) 


RAILWAY DIVISION - 
Chairman: Mr J. C. L. Train (Member) 


Appointed by the Council Elected by the members 
Mr F. E,. Campion (Member) Mr A. N. Butland (Member) 
Mr E. C. Cookson (Member) Mr John Ratter (Member) 
Mr Arthur Dean (Member) Mr A. H. Cantrell (Member) 
Mr J. I. Campbell (Member) Mr N. 8. Cox (Member) 


Mr W. K. Wallace (Vice- Mr C. E. Dunton (Member) 
President) 


FOR SESSION 1952-53 715 


ROAD DIVISION 
Chairman : Brigadier A. C. Hughes (Member) 


Bo cointed by the Council Elected by the members 
Dr W. H. Glanville (Past-Presi- Mr B. F. J. Bradbeer (Member) 
dent) Mr G. T. Bennett (Member) 
*MrR.R. W. Grigson (Member) Mr Arthur Floyd (Member) 
Mr Rowland Nicholas (Member) Mr S. M. Lovell (Assoc. Member) 
Mr E. J. Powell (Member) Mr Stanley Mehew (Member) 


Mr R. J. Samuel (Member) 


STRUCTURAL AND BUILDING DIVISION 
Chairman: Professor A. J. S. Pippard (Member) 


Appointed by the Council Elected by the members 
Sir Donald Bailey (Member) Mr R. F. Galbraith (Assoc. Mem- 
Mr R. T. James (Member) ber) 
Dr A. W. Skempton (Assoc. Mr E. O. Measor (Member) 
Member) Mr D. H. New (Member) 
Mr W. K. Wallace (Vice- Mr J. F. Pain (Member) 
President) Mr Gilbert Roberts (Member) 


Mr L. Scott White (Member) 


WORKS CONSTRUCTION DIVISION 
Chairman: Mr David M. Watson (Vice-President) 


_ Appointed by the Council Elected by the members 
_ Mr 8. W. Cox (Member) Mr Ralph Freeman (Member) 
‘Mr E. M. Fitt (Member) Mr A. F. Haxton (Member) 
- Mr H. J. B. Harding (Member) Mr Savile Packshaw (Member) 
Mr A. M. Holbein (Member) Mr H. Shirley Smith (Member) 


Mr Joseph Rawlinson (Member) Mr F. W. Sully (Member) 


ADVERTISEMENT 


a body i is not responsible either for 


The Institution of Civil Engineers as 
d in the foregoing pages. 


the statements made or for the opinions expresse 


—SE——— 


—" 


GREAT BRITAIN BY WILLIAM CLOWES AND SONS, LIMITED 


MAI D PRINTED IN 
Rhema LONDON AND BECCLHS 


ee 
A 
y 


s 


| maint 
, J \° mepllgtew. WAY yl Ions Finest) yh wh inde 


1-3 Peedi) nde dit oe Gh ty om 9 x 
iwi} aa i itis: J {rial eR V SI x 
‘goles: aotzalifl bh ‘ 2 zs ae 

Ase he tios inten ald yer ii 


sé Orb) Meaheigul aliaac ‘i, : ; ( dbsehe te el wards aT’ : Ti 


tse b, Sti Bixenhiite Uiale) Mail ide). sea 
eAend oat) Moe VE ee ink Mon ift scott Tite 


